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FOREWORD

This report was prepared by the Industrial and
Experiment Staticn, Department of Mechanical Engineer-
ing, University of Florida, Gainesville, Florida, under
Contract No. F08635-71-C-0073 with the Air Force Arma-
ment Laboratory, Eglin Air Force Base, Florida, during
the period from 9 December 1970 to 9 December 1971.
Lieutenant Robert J. Karner (DLWG) monitored the pro-
ject for the Armament Laboratory.

The principal investigator for the contractor waz

Ur. J. Mahig.

This report consists of two volumes. Volume I is
devoted to the Six-Degree-of-Freedom Simulation while

Volume II is concerned with the Three-Degree-of-Freedom
Simulation. This is Volume I.

This technical report has been reviewed and is
approved. /

Actino Chief, Air-to-Sur ae Guided Weaoons Div.
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I

ABSTRACT

This report describes a six-degree-of-freedom pro-
gram which can be used to determine the trajectory and
miss distance of a missile system. The options for the
program are such as to permit variation of the aerody-
namnics, seeker, autopilot, actuator, and missile motor
performance for the purpose of accurately simulating a
given missile design and evaluating the effects of any
changes in system parameters. Sufficient detail has
been included in the text in order to minimize the users'
effort needed to know how to update or modify the prograr.
for his purposes.

Distribution limited to U. S. Government agencies only;

~J b2-di-. distribution limitation applied
December 1971. Other requests for this document must be
referred to the Air Force Armament Laboratory (DLWG),
Eglin Air Force Base, Florida 32542.
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SECTION I

INTRODUCTION

The purpose of this report is to provide a ref-
erence which will enable ready access to the use of asix-degree-of-freedom program which is capable of ac-

curately determining the trajectory and miss distance
of a semi-active or passive guided missile. The pro-
gram is divided into convenient blocks, called modules
or subroutines, which do specific tasks: e.g.. deter-
mine aerodynamic forces, seeker output, state of auto-
pilot, current value of thrust, etc. As a result, the
user will be able to easily locate the section of the
program where specific calculations are performed and
modify them or, if necessary, to add modules to achieveother purposes.

This program has been derived from a program in
the library of the North American Rockwell Company,
Columbus Division, and is described in NR 70H-232-1
and -2. The purpose of the program was to determine
trajectory and miss distance of an air-to-air or air-
to-surface missile. This manual goes into somewhat
greater detail in identifying the variables and defin-
ing coordinate systems than heretofore. This has been
possible because of the extensive work carried out with
the program by the author in satisfying the requirements
of this contract and information supplied by Mr. A. 0.
Ehrich and P. D. Capcara of the North American Rockwell
(NAR) Corporation. The program described below has been
modified from the original version supplied to USAF by
North American Rockwell Corportion by personnel at the
Air Force Armament Laboratory to permit the considera-
tion of the effect of a random spot motion on the miss
distance of a laser guided missile. Incorporated into
the version presented in this report are additional
capabilities which provide an accurate simulation of
the quadrant detector, range closure, proportional lead
guidance, simplified program reset mechanism for multi-
ple runs, greater target maneuverability in air-to-air
simulations, and a more general high frequency actuator
routine which will accept either experimental or theo-
retically derived transfer functions.
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SECTION II

PROGRAM DESCRIPTION

2.1 Subroutines, Modules, and Tables

A complete listing of this program appears in
Section V. The program consists of three types of
subprograms:

(a) Tables of aerodynamic coefficients in block
data form.

(b) Modules describing missile subsystems.
(c) Executive subroutines and the main program.

The block data subroutines must be physically loca-
ted at the front of the program deck after the main pro-
gram for proper operation. Data is extracted from these
tables in the module Al which makes use of the table
look-up subroutines TABLI, TABL2, and TABL3 which form
a part of the executive routines.

For each module (e.g., Al, C4) the programmer has
the option of using an associated initialization module
(e.g., C41). These initialization modules may be used
to compute initial conditions from input data or add to
the list of state variables to be integrated. The ini-
tialization modules are executed only once at the start
of each simulated mission. It is in the modules them-
selves (e.g., C4) that the derivatives of the state
variables are computed. Time is incremented by a fixed
amount (At) after every other pass since a predictor-
corrector integration algorithm is used.

A large block common array, called C, allows the
communication of certain variables between modules and
subroutines for input/output, integration, and control
purposes.

The mathematical relationship of various modules
and subroutines are shown in Figure 1, and a corres-
ponding list of the modules is given in Table I.

2
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TABLE I. SUBROUTINE AND MODULE LIST SIX-DEGREE-
OF-FREEDOM DIGITAL PROGRAM

GEOPHYSICAL AND EXTERNAL ENVIRONMENT

G2 - Steady winds
G3 - Air data - including dynamic pressure,

density, speed of sound
G4 - Terminal geometry - computes miss distance
G5 - Transformations of position and velocity

between various coordinate systems

II SENSORS

CIO - Spot motion - including boresight error,
aiming error, hotspot motion, etc.

S1 - Seeker - Seeker performance and platform
motion

QUADET - Quadrant detector simulator

III COMPUTERS

C1 - Autopilot - computes steering commands
from seeker output

C4 - Actuators - includes flap motion and
limits

IV AIRFRAM4E

Al - Aerodynamics coefficients - table look-up
A2 - Aerodynamic forces and moments - in wind

axis, includes forces and moments on lugs
while missile is on rail

A3 - Engine - computes thrust forces as well as
c.g. shifts and mass changes.

V DYNAMICS

Dl - Translation dynamics of missile - accelera-I

tions in body axes are transformed into
earth coordinates and integrated into
velocities and positions.

D2 - Rotational dynamics of missile - computes
rotational accelerations and velocities
referred to missile body axes.

4
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2.2 A2 - Aero Forces and Moments

Figure 2 shows the relationship between the body axis
and wind axis coordinate system. In addition, the coor-
dinate directions are shown for the positive direction of
the dimensionless aerodynamics' coefficients in both the
body axis system and the wind or primed axis system. The
body axis system and the wind axis system are related by
the following system of equations:

xBI li 1 BI
= ILz':1

The aerodynamic coefficients are functions of the
aerodynamic roll angle (0') and angle of attack a'. It
can be seen that the angles 01 and a' locate the wind
vector in much the same way that a magnitude r and angle
o locate a vector in polar coordinates. With reference
to Figure 2, it is apparent that the plane containing the
wind vector is obtained by rotating the XBZ, plane through
0' about the missile centerline (XB axis). The wind vec-
tor is located in this plane by the angle a' measured from
the X, axis. The angles 0' and a' are related to the angle
of at ack a and sideslip 8 by the following equations:

Cos a' = Cosa Cosa

Sin *' = Sin a/(l-Cos 2 a Cos 2 a)1½

where if a and a are small, one finds

a , = 2 + a2.

Since if a and 8 are small, a' will similarly be
small and it will be found that

8 = a'Sino'

a = a 'Coso'

tano' = 8/a

ci, = ¢a2 + 82.

5I
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*'A is the aerodynamic roll angle referenced to zero
with the missile flying in the + configuration. If the
missile is intended to fly in the X configuration, 0'A
equals 450 with 8 = 0. Thus, ý' = 0' - 450.

It will be found that the following relatior~ships
hold with respect to * and ý'A"

Cos 401A = -Cos 40'

Sin 4 0'A = -Sin 4ý'

Cos (OA- 450) = Cos 0'

Sin ( - 450) = Sin '.

Some of the above relations can be experienced in
terms of the angle 0'.

In order to facilitate application to the program,
Table II lists the correspondence between variable names,
commonly used aero symbols, and their COM1MON location in
the program.

7



TABLE II. CORRESPONDENCE BETWEEN VARIABLE NAMES,
AERO SYMBOLS, AND THEIR COM-MON LOCATION

Common Common
Name Symbol Location Name Symbol Location
CX CA 1203 CLDRP Cn'/6r 1225

CY Cy 1204 CNQ Cn'/Sq j 1226

CZ CZ 1205 CLD Ct'/6p 1227

CLP Cjp 1206 CLMP Cm' 1228

CMQ CMq 1207 CLNP Cn' 1229

CNR Cnr 1208 BDEFL 161 1230

CL Ck' 1209 CDCM Cm' (1') 1231

C. C'1  1210 BDL. 6p 1232

CN CN 1211 BDM 6q 1233

CXO CA 1212 BDN 6r 1234

CXC CAI(trim) 1213 CDCN CN (1,) 1235

CNPT CN, (0,1 1214 CL2 C ,k(0) 1240

CY2 Cy,.() 1215 CL3 Ck,(0) lu 1241

CM-O CMQ(,) 1217 CNPU CN, ( 1244

CN2 CN, , 1218 CYPU Cy, ) 1245

CZQ CN,/ 6 q 1219 CMP Cm , 1247

CZR CN,/6r 1220 CNP Cn' ) 1248

C:MDQP C.,/ 6 q 1221 CLR C£, ( 1249

C?'.R CM,/ 6 r 1222 CZP CN, 1250

CYR CY'/ 6 r 1223 CYP Cy, 1251

CYW Cy,/ 6 q 1224



2.3.1 Dl,D2 - Translational and Rotational Dynamics Module

The following list of symbols applies to the equa-
tions of motion which are developed in paragraph 2.3.3
for modules Dl and D2.

2.3.2 List of Symbols

m - F(t) instantaneous mass (slugs)

p - Rolling velocity = angular velocity along
X axis (rad/sec)

q - Pitching velocity angular velocity along
Y axis (rad/sec)

r - Yawing velocity = angular velocity along
Z axis (rad/sec)

I - Moment of inertia about X axis (slug-ft)
y- Moment of inertia about Y axis (slug-ft)

Iz - Moment of inertia about Z axis (slug-ft)

(Iz = Iy for a perfectly symmetrical missile)

U - Linear velocity along the X body (XE) axis
(ft/sec)

V = Ua - Linear velocity along the Y body (YE) axis
(ft/sec)

W = U - Linear velocity along the Z body (ZB) axis
(ft/sec)

XB,YEZD - Airframe axis system that moves with
airframes

Xe,Ye,Ze - Earth coordinates

a - Angle of attack = angle between a fuselage
reference line and the relative wind in the
XB,ZB plane (rad)

Tan a = W/U;x= W/U

8 - Angle of sideslip (rad)

Tan 8 V/ U2 + W2 ; 8 V/U

9
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I.

Euler angles
i,O, and * - is the rotation about ZB, 0 is the

rotation about YB, and * is the iota-
tion about XB in that order (rad)

g - Acceleration due to gravity (ft/sec2 )

T - Thrust along XB

Cý,,CY,CC,CR - Dimensionless aerodynamics coefficients
C . ,Cn (body axes)

C'N,C'YC'C - Dimensionless aerodynamics coefficients

C'R,C'm,C'n (primed axes system - Figure 2)

- Density (slug/ft 3 )

qO - Dynamic pressure = ½pU2 (lb/ft 2 )

S - Body reference cross sectional area (ft 2 )

Z - Reference body length (ft)

AX - Shift of center of gravity from a refer-
ence point along the XB axis (ft) -
negative aft

6 - Control surface deflection (rad)

6q - Control surface deflection to give pitch-
ing motion (rad)

6 P- Control surface deflection to give rolling
motion (rad)

6r - Control surface deflection to give yawing

motion (rad)

Cij - Dimensionless aerodynamic derivatives

d' - Aerodynamic or wind angles of attack
(rad) - Figure 2

- Aerodynamic roll angle (rad) - Figure 2

VA - Aerodynamic roll angle (rad) referenced to
zero when flying in the + configuration.

PA + 450

10
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2.3.3 Equations of Motion

The six-degree-of-freedom equations of motion im-
plemented in the computer program in terms of the body
axes are given below*. (See Figure 3 for coordinate
system orientation.)

LonSitudinal Force

ZF X = mU + Uaq - Uar] = q 0 SrCc - mgSinO + T

Lateral Force

ZFY = mtd/dt(U) + Ur - Ucp] = qOS•[CosP'C'y -

Sinp'C',1 ] + mgCosOSiný

Vertical Force

F Z = m[d/dt(U ) + U~p - Uq] = -q+SR[Cos¢'C'N +

Sin4'C'y] + mgCoseCos¢

Rolling Moment

ZIX = IxP = qOS TZ[C + Z/2UC pP)

Pitching Moment

Dly = Iyq + (Ix - IZ)pr = qOS Z[CosP'C'm + Sin4'C' +

£/2U Cmqq - AX/£(SinV'C'y + Cosl'C'N )]

Yawing Moment

ZMZ = Izr + (Iy - IX)pq = qSn£[Cos'C'n - Sino'C'm +

2/2U C r - AX/Z(Cosg'C'y - Sin4'C',,)]

SUWU Fe 1oc i -y-Tn-X direction
VMUJ velocity in Y direction
W'U8 velocity in Z direction

CL1W^-ýveloity n Z irecion



Missile c.g.

Yb X b

SN Zb
Launch point

()Fixed point
F ixta r g e t o n

earth's sur-f face

Initial range, Ro .

Ye X Xe

Launch lugs Z Zarth-fixed

coordinate

Fin orientation system

Missile body-fixed
coordinate systemZb (looking forward)

FIgure 3. Definitions of Angles and Coordinate Systems
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The Euler transformations of

p = rCos4/CosO + qSiný/Cos6

e = q = qCosý - rSiný

= r = p + (rCoso + qSiný) tane

The velocity, in terms of the earth axes, can be obtained
as:

X = UCoseCosy + Ua(SinOSinOCosp - Cos4Sin4)

+ Ua(CosoSinOCosp + SinýSin,)

Y = UCosOSinp + UO(CosýCos4 + SinýSineSinf)

+ Us (CosýSin8Sinp - Sin4CosP)

Z = - USine + U Sin4Cose + U Cos0Cos4P

The Euler angles, shown in Figure 4, and the posi-
tion of the missile in earth coordinates can be obtained
through an integration of the above equations.

The block diagram of the implementation of the equa-
tions of motion and the Euler transformations are shown in
Figure 5.

2.4 Subroutine G2

This subroutine is called the wind and gust module.
This module determines the velocity and direction of the
wind. The module assumes that there is no wind above an
altitude RHW. Below that altitude the wind direction and
magnitude are assumed to be constant throughout a layer
RWINC in depth. (It should be noted that RWINC is measured
along the line of sight. Since most missiles fly with only
small deviation from the original lise of sight, the alti-
tude increments, if needed, may be readily estimated.) Two
random vari.ables are associated with the wind in each layer:
the magnitude and angular orientation which are consiiered
constant in each layer. The mean value of the wind magni-
tude is VWTE, and its standard deviation is given as SW. The
mean value of the angular orientation of the wind in a layer
is 3PSIW, and the standard deviation of the angular variation
is SW1. The current value of the wind magnitude and direction
is given by VWTEV and BPSIWV, respectively. The relationship
between these mean values and the inertial coordinate system
is shown in Figure 6.

13
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2.5 Subroutine C10

This subroutine determines the ground plane coordi-
nates of that point in the area illuminated by the laser
beam which the missile seeker physics causes the autopilot
to consider the designated target. This distinction is
necessary since some seekers are hotspot trackers while
others are centroidal trackers. The procedure used to de-
velop this apparent target is accomplished first through
the designation of the coordinates of the illuminator
(XIL, HILL) which may either be on the forward air con-
troller or on the launch aircraft. The maximum errors
generated on the ground are considered to be made up of
three parts: the maximum boresight error (BORE), the maxi-
mum pointing error (WAND), and the maximum deviation of the
hotspot from the resulting beam centroid, which is desig-
nated as (RADIUS). Each of these variables is considered
a random variable with a uniform distribution. The re-
sulting random variables generated are, respectively,
BOREF, WANDF, and SPWID.*, The variables are considered to
vary independently in the XE and YE direction and are then
appropriately summed in order to determine the apparent
target location. The coordinates of this point are desig-
nated as the variables ZLASR and YLASR. The location in
earth coordinates may be found by equating ZLASR to XE and
YLASR to YE and setting ZE equal to zero.

2.6 Subroutine QUADET

Subroutine QUADET is called by Sl for the determina-
tion of the signal generated to the autopilot by the quad-
rant detector (Figure 7). The quadrant detector is orient-
ed such that the dead zone is in the same direction as the
fins, assuming the missile flies in the X configuration.
The subroutine determines the current size of the circular
image through the assumption that the image size increases
inversely proportional to the range of the missile from the
laser spot. RT1 is the variable designating the ratio of
the size of the current spot to its size at infinity. The
laser image on the detector is assumed to be circular. In
order to determine the portion of the area of each quadrant
covered by the laser image, the area of the detector is sub-
divided into LT segments. (In the current program LT is set
equal to 16.) In order to effect a dead zone, an area round
the axis of the coordinate system equal to half the segment
width is not included in the area of the image which cover
these segments. If a portion of the laser image falls off
the assumed circular detector's surface, it is not consid-
ered. The variable DETRID is half the instantaneous field
of view of the detector in degrees. DEFICS is half the

17
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instantaneous field of view intercepted by the image of
the laser spot on the detector. The subroutine will de-
termine if the following blind range and breaklock cri-
teria are met and print this informaticn on the line
printer. The breaklock criteria is met if there is no
portion of the laser image on any of the four quadrants.
The blind range criteria is met if the image of the laser
spot on the detector exceeds 90 percent of the total area
of the detector.

2.7 Subroutine Sl (Module)

The purpose of the S1 Module is to simulate the re-
sponse of several types of seeker models and to generate
the commaids which are transmitted to the autopilot.

The subroutine will simulate the seeker response to
either a continuous information source or a sampled data
source. This is accomplished by setting the variable
OPTKR either to zero or one, r-spectively. If operating
from a continuous information zource, the seeker is as-
sumed by the module to be a proportional seeker. In the
sampled data mode the seeker can be programmed as either
a proportional or a bang-bang seeker by the choice of the
magnitude of the variable DEFOCS. If this variable is
chosen so that it is equivalent to DELF [detector radius/LT
(in current program)], the seeker will simulate a bafig-bang
laser seeker; whereas, if this variable is chosen so that
it is larger than DELF, it will produce a proportional
laser processor.

In the sample data mode the seeker will simulate
either a pursuit or a proportional navigation system by
setting the variable CAGE equal to zero or one, respective-
ly. In the continuous information mode, corresponding
changes in the guidance law will occur. In either mode
of operation the PLG option may be implemented. This is
done by removing the C from the two cards following the
PLG OPTION card.

The mode of operation of the subroutine in either
mode is to initially determine the true location of the
target in the gimbal axis coordinate system (RXG, RYG, and
RZG) and then determine the angles the lines of sight make
with the RYG, RXG plane and the RZG, RXG planes (BEPSY and
BEPSZ, respectively, shown in Figure 8 and Figure 9).

19
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Gyroscope Platform Gimbal Angles

8g outer gimbal - pitch

ig inner gimbal - yaw

Figure 9. Schematic Diagram of Platform Gimbal Angles
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The rate of pulse loss is determined by the value,
between zero and one, initially given the variable VLAZRP.
This is done by comparing a uniformly distributed random
variable [C(103)] whose range is also between zero and one
with VLAZRP. If it is greater, it is assumed that the in-
formation in the pulse is lost. If pulse loss has not
occurred, then the apparent location of the target is de-
termined in the gimbal axis coordinate system which has
resulted from boresight errors, wander, etc. Subroutine
QUADET is then called to determine the output of the quad-
rant detector. This output is used to generate the re-
quired gimbal rate and autopilot commands. If pulse loss
has occurred, previously generated commands (e.g., gimbal
rate, autopilot signals) are maintained.

In addition, Appendix I shows the mechanics of the
coordinate transformation from the body axis to the gimbal
axis system for easy reference.

2.8 Cl Autopilot Module

The following high and low frequency autopilot block
diagrams are suitable representations for an autopilot
that would prove to be consistent with either a propor-
tional or bang-bang seeker. The block diagrams for each
of those autopilots are given in Figures 10, 11, 12, and
13. These systems correspond to those mechanized in the
program listing found in Section V for the low frequency
autopilot and in Appendix III for the high frequency auto-
pilot.

2.9 C4 - Actuator Module

The actuator module simulates the action f the
actuator up to a third order system, as shown in Figure
14, which corresponds to a high frequency actuator. Under
these conditions it is capable of simulating the dynamics
of either a torque balance system whose block diagram is
shown in Figure 15, or that of the position loop-controlled
actuator shown in Figure 16. It will also simulate the
dynamics of an actuator whose transfer function has been
determined from hardware test data up to the third order.

The transfer function, given in general form as ex-
pressed in this module, is shown below:

= K
6 Al * S' + A2 * S' + A3 * S + A4

22
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The transfer function for either the position feed-
back system or the torque balance system can be brought
into the following form:

6 = KyA*£(57.3)
Lc KL[S(KLJS(TS+l) + KR(TS+I) + (A £)/KL) +

K SK657.3( TS+l)]

and similarly for the position loop block diagram.

If either the torque balance system or the position
loop control system is to be activated, then CKACT should
le either set equal to one or zero, depending on whether
the aerodynamic tables for FMHI, FMH2, FM113, and FMH4 are
included in the data tables. The variable BDMAX limits
the maximum amplitude of the fin motion. The low fre-
quency actuator equations are developed below.

Low Frequency Actuator

BDELT(1) = BDELT(l) - 6p + 6q - 6r

BDELT(2) = BDELT(2) - 6p + 6q + 6r

BDELT(3) = BDELT(3) + 6p + 6q - dr

BDELT(4) = BDELT(4) + 6p + 6q + 6r

61 = BDELT(1)

62 = BDELT(2)

63 = BDELT(3)

6' = BDELT(4)

where

6 = DELTPBp

6q = DELTQB

6r = DELTRB

The mechanization of these equations may be found
in the Program Listing (Section V) for the low frequency
actuator. The high frequency actuator program listing
may be found in Appendix II.
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2.9.1 Fin Deflection

A positive pitch rate (motion up) is obtained with
a negative 6q, where

6 q 0 61 + 62 + 63 + 64
4

A positive roll rate (motion clockwise about the X
body axis) is obtained with a positive 6p, where

6p = (63 62 + 61 - 61)

A positive yaw rate (motion clockwise about the Z
body axis) is obtained with a negative 6r.

A positive surface defleftion is defined as a trail-
ing edge down. The surfaces are labeled by looking at the
missile tail-on, with 6, being the upper right surface, 62
the lower right surface, 63 the lower left surface, and 6S
the upper left surface, as shown in Figure 17.

It is assumed that the surface effectiveness will be
given in terms of 6q, 6p, and 6r as a function of a' and 4'.
These terms will be considered as a part of the aerodynamic
coefficients given in the primed axis system.

2.10 A3 - Engine Module

As a result of various sources of error occurring in
the manufacture and assembly of a solid propellant motor,
the thrust alignment is not perfect. The coordinate syster
used in determining the misalignment the user wishes to
simulate is shown in Figure 18.
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Looking Forward, 0
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Figure 17. in Sign Conventions

32

ic Y



RFXCG CG
RFYCG• P-•X9

RFCG - RFZCG Ce

IBPHIT Z

FTHRST

RFXCG - x component of thrust vector with respect to
body axis in the X direction

RFYCG - Y Component of thrust vector with respect to
body axis in the Y direction

RFZCG - Z Component of thrust vector with respect to
body axis in the Z direction

FTHRST - .4issile Thrust

Figure 18. Offset Thrust Vector Coordinate System
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SECTION III

VARIABLE LOCATIONS

3.1 Variable Names, Block Locations, and Definitions

Since the proper use of this program requires that
the definition of upwards of five hundred singly dimen-
sioned variables as well as many multidimensioned be
made, it is clear that some order must be maintained in
the allocation of storage or serious programming diffi-
culties could arise. Therefore, blocks of common loca-
tion have been allocated to specific subroutines as
shown in Table III. This procedure should be continued
in the event it is necessary to add variables as a re-
sult of program modifications.

Of the large number of variables actually listed by
the program, only two hundred and fifty appear to be
significant in the preparation ct the input or of an
aid in understanding the output. Therefore, it was felt
that they should be separately defined. This is done in
Table IV. It should be noted that the units of the vari-
ables listed in that table should be considered to be in
feet, seconds, pounds, or degrees unless otherwise speci-
fied.
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TABLE III. BLANK COMMON ASSIGNMENTS

Array Index Module
C( ) Name Module Description

0 - 50 Clo Unsteady Illuminator I

50 - 102 G2 Steady Winds, Variable Winds

200 - 299 G3 Air Data

350 - 399 G5 Coordinate Conversion

400 - 499 Si, S1i Seeker - Platform

800 - 899 Cl, CuI Autopilot

1100 - 1149 C4, C41 Actuators

1200 - 1299 Al Aero Table Look-Up

1300 - 1399 A2 Forces and Moments

1400 - 1499 A3, A31 Engine

1600 - 1699 Dl, DlI Translational Dynamics

1700 - 1799 D2, D21 Rotational Dynamics

Note: Locations 1950 - 4310 are reserved for Executive
Subroutines, Initial Conditions, and Input-Output Instruc-
tions.
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TABLE IV. COMMON LOCATION, VARIABLE NAME, AND DEFINITION

Common Variable
Location Name Definition

C(l) BORE Maximum boresight error

C(2) WAND Maximum pointing error

C(3) RADIUS Maximum deviation of hotspot
from beam centroid

C(4) HILL Height of illuminator

C(5) RILL Ground range of illuminator

C(6) AISPOT 0. - Centroid tracker
[l. - Hotspot tracker

C(7) AILL 0. - Stationary illuminator*

tl. - Moving illuminator

C(8) SPOTMO 0. - No spot motion
{i. - Spot motion

C(9) XSPOT X - Coordinate of centroid or
hotspot

C(10) YSPOT Y - Coordinate of centroid or
hotspot

C(ll) AIFAC 0. - Tracker on ground or onf launch aircraft
1. - Tracker on separate air-

Scraft

C(12) VILM Velocity of illuminator, Mach
number

C(18) XILL Ground range in X direction of
illuminator

*Must give HILL, XILL for input
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TABLE IV (Continued)

Common Variable
Location Name Definition
C(51) BPSIW Mean angle of wind velocity

vector

C(52) VWTE Mean wind velocity

C(53) RHW Altitude above which all the
winds are zero

C(55) SW Standard deviation from mean
angle of wind velocity vector
BPSIW

IC(56) RWINC Shear layer of wind. Depth of
wind layers at which wind velo-
city and angle remain constant.

C(58) SWl Standard deviation from mean wind
velocity Vi-,TTE

C(100) VWX(E Wind velocity (X component with
reference to the earth-fixed
coordinate system)

C(101) VWYE Wind velocity (Y component with
reference to the earth-fixed
coordinate system)

C(102) VWZE Wind velocity (Z component with
reference to the earth-fixed
coordinate system)

C(203) PDYNMC Dynamic pressure

C(204) VACM Mach number

C(205) DRHO Air density

C(206) VSOUND Speed of sound

C(207) VAIRSP Missile velocity with respect to
air mass in earth axes

37

I-



fABLE IV (Continued)

Cor.umon Variable
Location Name Definition

IC(20) RhZRO Initial altitude of the missile

C (209) PC Present altitude of the missile

BTHT Pitch angle in degrees - e

iCý351) LPSI Roll angle in degrees -

C (332) bPHI Yaw angle in degrees -

C(336) VTOTE Tc Ai missile velocity

C(357) BGA.I-W Horizontal proportional naviga-
tion angle (degrees)

C(358) LGAMV Vertical proportional naviga-
tion angle (degrees)

C(367) i3ALPHA Vertical component of an(-le of
attack

C (368) BWLPIiY Horizontal component of angle
of attack

C(3G9) bALPIIP (CX' = 4BALPHA2 + BALPHY 2 )
total angle of attack

2(370) bPiIP .' orientation of wind vector
in roll axis

c ( 3 71) 1ANGE

%(372) I1XBA Range (X component in body co-
oruinate system)

C 373) !(YbA Range (Y component in body co-
ordinate system)

;C(374) I•BA Range (Z component in body co-
_ Iordinate sy-3ten)
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TABLt I IV (Continued)

Common Variahlle

Lccation I Name Definition

C'(377) BALPD d(BALPHA)/dt

C(378) BALYD d (BALPHY)/dt

C (3 1 9) BALPPD d(BALPHP)/dt

IC(380) RANGO The distance of missile from the
C 3elaun(h point

C(403) EZ Seeker output to autopilot (pitch)

C(407) EY Seeker output to autopilot. (yaw)

C(427) BTHTG Platfc"m position (6)g

C(431) BPSIG Platform position yaw gimbal
angle (W

C(432) RXG Range X in gimbal axes

C(433) RYG Range Y in gimbal axes

C(434) RZG Rancuý Z ir girdbal axus

C(435) BEPSZ "I Angular position of the line of
C(435) LE'?SY Figure 2)

C(4317 Wz "is.i. body rate WZ

C(438) I WY .. ssile body rate Wy

IC(441) SZG31S PI;tch girbal torque bias (deg/sec)

1C(442) S.i j Yaw: gimbal torque bias (deg/sec)

jCt443) OPTK( , Optics routine

C(444) OPTBKL Optical breaklock

IC(445) UT Time at which next pulse expected

C(446) CDT Pulse rate, sampling period
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TABLE IV (Continued)
ICommon Variable

Location N ame Definition

C(450) CSW' Acquisition gain seeker constant

C(45i) CAGE [(;0) uncaged girnbalsj [(<0)
remain in caged position]

!(452) QBREAK (Breaklock has occurred due to
luss of signal)(automatically
parameterized)

C(453) RbrýLOK Range at breaklock (maximum range
at which lock-on can take place)

C(454) ELDGE Half the field of view

C(455) WEPSMX LBreaklock drift rate

C(456) CK-KR Seeker gain

1C(457) CI-OSTP Pitch to yaw friction coupling

C(458) CROSPT Yaw to pitch friction coupling

,C(463) G=IlE (=I missile guidance system in
I effect) (=0 missile guidance

system not in effect)

2C461) SAMP Preprogrammed guidance trajectory
(cutoff check automatically para-
meterized) (0 - missile uses pre-
programmed flight path) (1 - mis-
sile uses preprogrammed flight
path until seeker acquires target)

CG464) CGAM-VS Vertical trajectory programming
constant

k 465) CG;,!iIS Horizontal trajectory prograruting
constant

C (466) ZLAZIz Location of laser spot on target in
X direction due to ground or air-
borne FAC
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TABLE IV (Continued)

Common Variable
Location Name Defi.iLioun

C(467) YLAZR Location of laser spot on target
in Y direction due to ground or
airborne FAC

C(468) DEFOCS Half angle in degrees of angle
intercepted by image of laser
spot on detector surface

C(469) DETRAD Half angle in degrees of angle
intercepted by quadrant detector

C(472) CKSKl Seeker driver constant

C(473) VLAZRP Used in pulse loss calculation

C(850) HLIMO Limit on 6 c from pitch and yaw
plane (deg) (fins 1 and 3)

C(851) HLIME Limit on 6 c from pitch and yaw
plane (deg) (fins 2 and 4)

C(852) QBIAS Pitch body rate bias (deg/sec)
(used as "g" bias)

jC(853) R13IAS Yaw body rate bias (deg/sec)

C(855) GZ Navigation ratio fouc pitch plane

C(856) GY Navigation ratio for yaw plane

C(863) TAUZ Pitch guidance lag filter
(rad/sec)

C(864) TAUY Yaw guidance lag filter (rad/sec)

C(865) TDYI Rate loop gain switch 1 (sec)

C(866) TDY2 Rate loop gain switch 2 (sec)

IC(877) TAUL Guidance lead filter (rad/sec)

C(888) CKSK2 Seeker gain constant
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TABLE IV (Continued)

Common Variable
Location Name Definition

CtU1l7) BSURF 1 6

C(ll8) BSURF 2 62 fin deflection output
for fins 1, 2, 3, 4

C(1119) 13SURF 3 63

0(i120) bSURF 4 6,

,(1160) DELTPB 69 = (- 61-62 + 63 + 6,)/4

C(1161) DELTQB 6q = (61 + 62 + 33 + ,.)/4

C(1162) DELTRB 6 r = (-61 -62 + 63 + 6,)/4

C(1260) CXERR Drag coefficient error

C(1261) CZERR Normal force (C'z) coefficient
error

C(1262) CYERR Side force (C'y) coefficient
error

c(1263) CLERR Ro.l i,;oment (C'L) coefficient
error

jC(1264) CERR Pitch moment (C'M) coefficient

(CEerror

Z (i2S5) CNERR Yaw moment (C' N) coefficient
error

C(1300) FXBA The X component of aero force in
body coordinate system

C(1301) FYBA The Y component of aero force in
body coordinate system

C(1302) FZBA The Z component of aero force in
body coordinate system

C(1303) FM-XBA The X component of aero moment in
body coordinate systte

IZ(1304) P.Y1BA The i component of aero moment in
body coordinate system
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TABLE IV (Continued)

Common Variable
Location Name Definition

C(1305) F4ZBA The Z component of aero moment
in body coordinate system

C(1306) RFAREA missile reference area (ft 2 )

C(1307) RFLGTH Missile reference length (ft)

C(1308) RDLLCG Center of gravity shift (ft)

C(1309) FUIl 1

C(1310) F-1H2
Hinge moments

C (1311) F.N1H 3

C(1312) FMH4

C(1313) RFXCG

C(1314) RFYCG Thrust vector displacements (ft)

C(1315) RFZCG I

C(1316) RLUG Distance between lugs (ft)

C(1317) RAIL Rail length (ft) (between rear
of front lug and end of rail)

C(1320) FMIXT1 N component of moment caused by
thrust misalignments

C (1321) FMYT1 Y component of momrent caused by
thrust misalignments

C(1322) FMZT11 Z component of moment caused by

thrust misalignments

C(1323) FMXLUG X component of moment due to lugs

C(1324) FMYLUG Y component of moment due to lugs

C(1325) FPr',ZLUG Z component of moment due to lugs
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TABLE IV (Continued)

Cor¢,mlon Variable
Location Name Definition

C(1401) UA.LPHT1 The angles as indicated in
Figure 18

C(1402) LPHIT

C(1403) QNALGýJ (> 0; include thrust misalignment
angles)

C(1404) FCFT11 Fractional increase in total
thrust

2(1405) b UR'ý Parameterized by program

C (1410) FTHRST Missile thrust

C(1411) FTHX X component of missile thrust

C(1412) FTIIY Y component of missile thrust

C(1413) FTHZ Z component of missile thrust

C(1414) CISP Specific impulse (Ib/sec)

C(1415) DWt Total missile plus propellent
wt (lb) initial

C(1416) DWP Propellent weight (lb)

C(1417) 1'DCGO Initial value of c.g. shift (ft)

Q(1418) RDCGF Burnout value of c.g. shift (ft)

C (1 19) Initial value of moment of in-
ertia about the roll axis
(slugs ft)

C(1420) FMIYO Initial value of moment of in-
ertia about the pitch axis
(slugs ft)

C(1421j FLCGA Distance between launch c.g. and
rear lug (ft)

C(1422) RLCG Present position of c.g. of missile
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TABLE IV (Continued)

Common Variable

Location Name Definition

C(1496) UIRPD Thrust of the motor

C(1499) UIMP Impulse of the motor

C(1603) VXE
X,YZ coordinates of missile

C(1607) VYE velocity with respect to the

C(1611) VZE earth fixed coordinate system

C(1615) RXE
X,Y,Z coordinates of missile

C(1619) RYE c.g. with respect to the earth
fixed coordinate system

C(1623) RZE

C(1624) AXBA X component of acceleration in
body coordinate axis

C(1625) AYbA Y component of acceleration in
body coordinate axis

C(1626) AZBA Z component of acceleration in

body coordinate axis

C(1627) AGRAV Gravitational constant

C(1628) DMASS Current mass

C(1629) ATHRST Target thrust

C(1630) ATURNT Maximum transverse acceleration of
target in terms of g

C(1632) VDELX Relative velocity cf missile to
target in X direction

C(1633) VDELY Relative velocity of missile to
target in Y direction

C(1634) VDELZ RPlative velocity of missile to
target in Z direction
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TABLE IV (Continued)

Common Variable
Location Name Definition I
C(1635) RDELX Range difference between target

and missile in the X direction of
the earth fixed coordinate system

C(1636) RDELY Range difference between target
and missile in the Y direction of
the earth fixed coordinate system

C(1637) RDELZ Range difference between target
and missile in the Z direction of

C(1644) ATARG Acceleration of the target

C(1647) VTARG Velocity of the target

IC(1648) RTXED The X component of the velocity of
the target in the earth fixed co-
ordinate system

C(1651) PTXL The X coordinate of the position of
the target in the earth fixed co-
ordinate system

C(1652) RTYED The Y component of the velocity of
the target in the earth fixed co-
ordinate system

C(1655) RTYE The Y coordinate of the position of
the target in the earth fixed co-
ordinate system

C(1656) RTZED The Z component of the velocity of
the target in the earth fixed co-
ordinate system

C(1659) RTZE The Z coordinate of the position of
the target in the earth fixed co-
ordinate system

C(1660) VTXE The X component of the velocity of
the target in the earth fixed co-
ordinate system

I°
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TABLE IV (Continued)

Common variable
Location Name Definition

C(1661) VTYE The Y component of the velocity of
the target in the earth fixed co-
ordinate system

C(1662) VTZE The Z component of the velocity of
the target in the earth fixed co-
ordinate system

C(1663) VDXB The X component of the acceleration
of missile in the body coordinate
axes

C(1664) VDYB The Y component of the acceleration
of missile in the body coordinate
axes

C(1665) VDZB The Z component of the acceleration
of missile in the body coordinate
axes

C(1666) BDIVE Initial pitch orientation of the
aircraft (missile assumed oriented
parallel to aircraft)

C(1667) RSLANT Initial slant range

C(1668) RXO The X component of the original
launch point of the missile in the
earth fixed coordinate system

C(1669) RYO The Y component of the original
launch point of the missile in the
earth fixed coordinate system

C(1670) RZO The Z component of the original
launch point of the missile in the
earth fixed coordinate system

C(1672) BPSITD The angular rate of turn of target

C(1675) BPSIT The total angle through which the
target has turned in degrees
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TABLE IV (Continued)

Common Variable
Location Name Definition

C(1676) ANGX The X component of the accelera-
tion of the missile in terms of
g witt. respect to body axes

C(1677) ANGY The Y component of the accelera-
tion of the missile in terms of!

g with respect to body axes

C(1678) ANGZ The Z component of the accelera-
tion of the missile in terms of
g with respect to body axes

j(1700) CFA11D Derivative of CFAll

C(1703) CFAll CosW Cose

C(1704) CFA12D Derivative of CFA12

C(1707) CFA12 Sini Cose

C(170i) CFA13D Derivative of CFA13

C(1711) CFAI3 -Sine

C(1712) CFA21D Derivative of CFA21

C(17i5) CFA21 SinW CosO + Cosp Sin6 Sino

C(1716) CFA22D Derivative of CFA22

IC(1719) CFA22 Cosi Cosp + Siny SinO Sino

C(1720) CFA23D Derivative of CFA 23

C(1723) CFA23 Cose Siný

,C(1724) CFA31D Derivative of CFA31

C(1727) CFA31 CosI SinO Coso + SinI Sine

C(1728) CFA32D Derivative of CFA32
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TABLE IV (Concluded)

Common Variable

Location Name Definition

C(1731) CFA32 Sin•p Sine Cos4 - Coso Sino

C(1732) CFA33D Derivative of CFA33

C(1735) CFA33 Cose Coso

C(1736) WPD d (WP)/dt

C(1739) WP Roll rate of missile

C(1740) WQD d(WQ)/dt

C(1743) WQ Pitch rate cf missile

C(1744) WRD d(WR)/dt

C(1747) WR Yaw rate of missile

C(1748) FMIX
Missile moments of inertia about

C(1749) FMIY the X,Y, and Z missile body
axes in flug-feet 2

C (1750) FMIZ

C(1751) CRAD Conversion factor (from radians
to degrees)

C(1752) BPHIO Initial roll angle of missile

C(1753) BT11TO Initial pitch angle of missile

C(1754) BPSIO Initial yaw angle cf missile
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3.2 Subroutine Call Sequence

The subroutine call sequence is determined by the
order in which these subroutines are identified in the
data card assembly. A data card is identified by the
program as a subroutine call by the number 2 located in
column 2. The identification number of the subroutine
may be called as either [MODNO(NOMOD) ] or [XMODNO(NOMOD)J
by the progranm. This integer must be right adjusted to
column 25 on the card. Table V shows the identification
nunmer and the subroutines called in the example problem.
If other routines are required, they will be found listed
with their identification numbers in subroutine AUXSUB.

3.3 State Variables

The state variables within this six-degree-of-free-

dom simulation program are defined in the initialization
subroutines (modules). These variables are idzntified
through the IPL table which also defines the location of
the state variables. Only these variables are integrated
by the integration routine AMRK. Other variables found
in the program which are derivatives are not state vari-
ables by this definition. A listing of the sequence num-
ber, IPL numbers, and variable names are found in Table
VI. The listing is for the program when it contains the
high frequency autopilot and actuator.

In the event a location is defined as a state vari-
able, the following convention must be observed:

C(J + 3) State variable

then

C(J) is the derivative of that state variable.
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TABLE V. INITIALIZATION SUBROUTINE CALL SEQUENCE
[(By Subroutine AUXI)(As defined by current program listing))

NOMOD MODNO(NOMOD% SUBROUTINE

XMODNO (N OMOt. CALL

1. 23 G21

2. 24 G31

3. 26 G5I

4. 28 Sli

5. 7 Cli

6. 10 C41

7. 2 AII

8. 4 A31

9. 3 A21

10. 17 D1I

11. 18 D21
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TABLE VI. STATE VARIABLES AND DERIVATIVES
NAMES AND LOCATION CODES

Sequence I
No. N IPL(N) C(IPL(N,) Module Location

1. 1 424 BTHTGD si, SII

2. 427 BTHTG SURFACE AND PLAT-
FORM

32 428 BPSIGL)

4. 431 BPSIG

5. 3 800 LPHISD Cl, CIlI

6. 803 BPriIS HIGH FREQUENCY AUTO-
PILOT INITIALIZATION

7. 4 804 WQSDD MODULE

8. 807 WQSP

9. 5 808 WQSD

10. 811 WQS

11. 6 812 WRSDD

12. 815 WRSP

13. 7 816 WRSD

14. 819 WRS

15. 8 820 ESUMOD

16. 823 ESUMO

17. 9 824 ESUMED

18. 827 ESUME

19. 10 828 EZSDD

20. 831 EZSP

21. 11 832 EZSD

22. 835 EZS
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TABLE VI (Continued)

Sequence
No. N IPL(N) C(IPL(N)) Module Location

23. 12 836 EYSDD

24. 839 EYSP Ci, Cli

25. 13 840 EYSD HIGH FREQUENCY
AUTOPILOT

26. 843 EYS INITIALIZATION
MODULE

27. 14 880 EZSSD

28. 883 EZSS

29. 15 884 EYSSD

30. 887 EYSS
L-L

31. 16 1100 BDELTD(1)

32. 1103 BDELT(1) C4, C41

33. 17 1104 BDELTD(2) HIGH FREQUENCY
MODULE (ACTUATORS)

34. 1107 BDELT(2)

35. 18 1108 BDELTD(3)

36. 1111 BDELT(3)

37. 19 1112 BDELTD(4)

38. 1115 BDELT(4) I

39. 20 1124 BDLTDD(i)

40. 1127 BDELTP(i)

41. 21 1128 EDLTDD (2)

42. 1131 BDELTP (2)

43. 22 1132 BDLTDD(3)

44. 1135 BDELTP(3)

45. 23 1136 BDLTDD(4)

46. 1139 BDELTP(4)
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-AA! U. vi (Jontinued)

Se-uence
"________ _,_______ _______ _ "odule Location

47. 24 1496 L IP.1PD A31

48. 1499 L IMP ENGINE

49. 25 1600 VXED 01, D1I

50. 1f03 VXE TRANSLATIONAL
DYNAMICS

51. 26 1604 VYED

52. 1607 VYE

53. 27 1612 RXED

54. 1615 RXL

55. 28 1616 RYED

56. 1619 RYE

57. 29 1620 RZED

56. 1623 RZE

59. 30 1640 VTARGD

60. 1643 VTARG

E1. 31 1644 BPSITD

62. 1647 BPSIT

63. 32 1648 PTXED

64. 1651 RTXE

5. 33 1652 RTYED

66. 1655 RTYE

67. 34 1656 RTZED

68. 1659 RTZE
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TAULL VI (Concludedl

Sequence
•4o. A IPL(N) C(IPL(N)) Module Location

69. 35 1700 CFAIID D2, D21

70. 1703 CFAII ROTATIONAL DYN4AICS

71. 36 1704 CFA12D

72. 1707 CFA12

73. 37 1708 CFA13D

74. 1711 CFA13

75. 38 1712 CFA14D

76. 1715 CFA14

77. 39 1716 CFA22D1

78. 1719 CFA22

79. 40 1720 CFA23D

80. 1723 CFA23

181. 41 1724 CFA310

82. 1727 CFA31

83. 42 1728 CFA32D

84. 1731 CFA32

85. 43 1732 CFA33D

86. 1735 CFA33

87. 44 1736 WPD

88. 1739 h'

89. 45 1740 WQD

90. 1743 WQ

91. 46 1744 WRD

92. 1757 WR
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.3LCTION IV

INPUT RLUIREMLNTS

4.1 Initial Conoitions

In oraer to simplify the input data, the options
which had existed in the original program have been
eliminated. It is assumed by the program that all
variables not initialized are automatically set equal
to zero. Input data and initial conditions are entered
into the program by entering a number 3 in column 2 of
the data card which identifies the type of information.
The name of the variable may be entered in column 3 to
20. Comnon location of the variable must be entered
right adjusted in columns 21 to 25 and the numerical
data in columns 31 to 45. Figure 19 shows the position
of the data card in the completed program deck which is
ready for subr.ission, as well as the actual data card
format.

In addition, since the seeker is generally assumed
to lock on before launch, the gimbal angles are automa-
tically initialized to this position. However, in the
cases where gimbal angles must be chosen in any other
position, the transfornmations and angular displacements
between gimbal axes and body axes coordinate systems are
given in Appendix I and Figure T-I, respectively.

Initial position and velocity can only be specified
in one manner for simplicity. They are specified in
terr.s of the following variables:

BDIV'L (in degrees, negative :horn orientation be-
low horizontal)

LALTLA (367) (degrees)

BALPHY ,68) (degrees)

VMACH (204) (Mach number)

It should be noted that the program when used to simu-
late r.,any missions requires only that subsequent changes in
data be added since the program will only update the last
data set for the next run. (See "Program Description.")



I

ExecuTabl es Ruie

" onitor Control Cards

0

Description 4:v. / Cý,-
Aum-n No. 2

Format No . A[3 20 [ 1 2 s 14

Yr HI I ,

I I N I

i'i(jurc 19. Jata .CarUl rr-- , ats and Deck: Setur-
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SECTION V

PROGRAM LISTING

5.1 Complete Six-Degree-of-Freedom Program Listing with
Example
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C69066..OICS 10 S5 WED0 WITHq FORTRAN APIRK INtEGIAtION4 *OUJISt
c

CCPPCDN C143L0).CPAPP-
tGUIVALINCE iCIb&62..HNIN a. ic121631.NNAx ICt4264110ok t o~

C tIclzs6l).h 1. IC425623,tPL 1. 0296SI'VAa 1.
16 C12o0t6.r 1. fCazOan).KStfp a.ICI20OgI.Sylp 1

c ICIZOW~.LSTIP 1, ICI?OO8),PLOINOI. lCl2CQ91.%CPtOfS.
I CI10O1!:OPO!INTIt. IC(12251 TIME 10, ICa(1201251 1:)

C tC36 , NCO T I. 20tZO2 IOtNO) (C 204I1 EP L to
C IC128651.EU I. C:276a,::9. 3. "CI20%l.Pr"EIsa
ECUIVALEKCE 1~t9 IJ.C 19 I. tC&T3S dAll
ECUIVhteNCE ftCI2?11i.KA~t 5. 6C(L9141.hJ 3. ic(i9ts3.FIpt I
oIPENS:Cr GRnAPH~2.aZITIM~E(lI#

OIEhS CN ALB~~s I IPLI1003 i4Lo

EculVALEKCE ( :28~, LOTa

ECUI hi AENCE , c 9 '3. LOTNl2I

I CtI vAtENE Ic 11984) NP"OT aI

INTEGER P101110
C I hTfGER CPr

txtýAk ". AIJISUO
CC 2Z1.1.431o

2 11 E - L0. 1

CALL SZERO

10 1( IF '1I

CAL 1:UAODSLUSTHSEAVI

?CALL L9'KIAUSU

I05 F * 2uT.GTQ0 NPT

.3* PL L IN
hPClii) VFLTil

KCPLC;FLO59



1009 CALL , b 3

1 F ( ASTEP CO. I I CO TO IC07
IC 151S jv-2I.t

l~VAR.(JYIO.
CA LL s a
CALL PCE
I.. .1RSET,

1F4 LSISP.EQ.1.0At.LSTEP.eO.7.ORNIOPLOTE0,016010S
CALL 71IEVICELTI
RAIl (6 96 1CELT
f 4 F'A T(LI. .17HSTART PILOfTTNG ATF14.71
LESSPI *rTLCSS

'0 C If s "-QPC I h -L (SSP I

LCALL PICT " (CRAPý1,CPO[riTVLABLE.T1ME.NPLOT'4I
C aL L PLCT2 ( NPL CT);
CALL PLCrN ILOPLOTI
C AtL rlPEV I CELT I
. R I T ý16. ,,)C EIL

97 FCA'TII 1,18'P-LITT ING ENdDED IT F14..I
I RI.01 4 .iN. . ' 9..E. ANO. LSTEp.fO.Z)GO 10 70

5 rC c C (1000. ;L' ICc ;2qI ;QE3.1ROD tloo5 1006.1007 1008 1009, 1O010
I. LSTEP

1010 1PICPINO.GTi0.)

1.S Iti 
15.1))1

CAL EXITL/XI
E ?I LCXItEO0O

BCA; CAT&

4AI 0 ,x/.0.0.0.0. ~3..19. R32

CAA 0.0.00-.l3..2..5,1.1,.2.0S.

4 0.0.0.0-234.1S.37-1.1.0,3.2,

S NC
SLICK CATA
COPYCK /NCtlNCH4)4

J AF A12tRC0L1 d4.A 111
/ I cfI ? 2 172

ILc rP CI P, KC c tNc c 14
* /CCARC/lLPC1I4.A1'CfA)

* /CfLPLN/01N1361
CCPPCN/NC,'CM/NDM41

* lC FWUN/C MI3S)

CATA KCI.S/, 0.01O
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C I

.0.1 *J.,,.1.Sl,1 ?: .31. 7.3.0 :11:1

0 00. . 1. .66. 2 .32, 3.27. 4.112. 7.36. 11.11.

0 0.0 .IT. 1.62 . 2. 57, 3.6C, 4 7.7, 8 .C2. 12'.11,
0 00. . I , 1.5. 2.3"1, 3.36, 4.1, 7.6 , 11.60,

*0.7 7, 1019. 2:37: 3.34, 46.40. 7.59, 11.61.* 0.,l,.AQI 14? .34, 3.30. 4.36, 7,56. It.61
0 0.,17 1,3 2.73..4.6 7.42.I 11471

c~rb ALPC/t . . 1. 6.2.
DA(A A.C/O.,7, .9 .1. 1.5. J./

0 0.0. .0 6: 3..5 .0 .0* 00,.0 : 30: .75: 1.40, 2.20,*00, .06. 30. .7S 1.640 2.26

* 00.0 .06 .30, 7. 1.4 .2 6,
* 0 .0. .06. .30, .1. 1.43, 2.26.

0 .0, .06. .30 , .76. 1.413, 2.22;

CA I ALI'/0.,2. 4., a., a.. 10.. Is., 20.1
CA"S 810O .0. 1. .9, 1.05. 1.1. 1.5, 1... 2.0, 2.31

*00, - 1.16. -2.48, -3:97: -.5.62, -7:5k. :12:83: :-1190,:*0.0. -1.11, -2.54, -4.06, -'.16 -7.68, -13.10. -19.6.
C 0. 0. 1.25 , -. 68, -. 23, -5 .90, -1 .9.1 -13. 54, _-20 .26,

* 0.0. -1.591 -!.3'5,-5.29 _, -740.975. -16.34. -23.87,
* 0.0, -1 .66 , -3;.4 , -1;.98. -7.6;. -10.09. -16:T. 75,-4.5*8
. 0.0a. -1. 07 , -2.33, -3.474, -5.635. -71.22, -12 .48. --18.91.*0. 0. -1I.11,. - 2.lv, -3.6(15, -5.5S0. -7.;Q. -1 2 .70. -19.12.

.0. 0, -1.15, -2.471, -3.97. -5.65. -7.51,. 12.90, -19.29
*0.0. -. 6 -2.%6, -3.996. -S..63. -7.54.-28, -1;. 091

CAYT 5CP/6.480,0
CATk ALFO/0. . 8,1. 16. 01
CATS 8/. 7 9.11 .,23

*0.0. -,1,3. :6-.64 -1.83,: -3.45. -5.40,

11:0:0 ::13: ::13: -1.93, -3:6S. -5.65,
0.0. -1 4 - 7 1, - 95 -3.70. -6.00,
0.0, .3 . _. 73. -1. 93 . - 3 .65, - 5.865,

*0.0. -. 13. -. 73. -1.91. -3.65. -5.65/

BLCCK 151*
ccoiCq /NCXO/NCXOI2i

* /C xCARG/AP381
* cIO #00U N/cXI a,6

DAT*h15 l N /. if
0*1*5 I0..,;:7,.9.l.0Z532.1.3.Z.0.2.O~3/
c*1 f 51.4 LA 4 .23..6 .76.1 1.,941
fhC

2 LCCK C*1*
C0I'FCh/ hCN2JNCN2I4:I

* / CN2AAG/AL p13 I . A33
/ CN271J7/Ct42I18I

DATA hCN2/6 3.0 0/
0*1* *3.910.. 4.8.1..*, 20.1
C*7* A8 /0. lo .2.
DAT* E.21
* .0, t1it 168, 1.50, 2.6c. 3.90.

6 1



L So,

fLCCK CATA
CC'ppe /NCY2l'JC'2t4)

* , 1(y 2 AQGfALPI6), A"1I31

I ICj.2FUNICy2t1d)
1616 Nc72f6,3.0O.O%'.

CAVA (12 I'
) .0, -. 0T. -. 310. -. 65.-..-16

*0.0. ..OT. -. 3C. .. 65. 11 16

*C .O. -. 07. -. 30. - .65.-1. .6

fjtCCR C*78

* f(L2 AR W ALPIt I3, AM41

CATA ,,CLZ16.410.
0

'

DATA *"I/0.. * '..'aU.b, 2.3i

CAVA CL2100 / 3

0 .0. .2 0 . -1 .2 .33.
*0.0. .07. .02, .2)5. .2s. .33.

*0.0.oi........................35.
810.:.2 60. .4 1-.1

IBLCCPF ITA
CCpC1.,SCL3SNcL()I

1 CLSAR&/AtPI'A. 15131

* I(OF~UINIC~l.31t)
DATA NCL316.3,0.O'
(;&tA ALP I0., 4.. a ., 12.. Ill.. *2*

1356 15.31 .15

*0.0..022,0'5. .08. -14. 1.
* 0.0- 022'-0431-..00.. .1 It .21SI

the
41LCCV CA16

CCP c6iCZ0II.cN( 
k4, 4jr543Z1, A1461321.

7 CN3 23Cr. 8 2 1

I ,tC IC& R G/ A L 9( 8,DEF (
4 

1 Apo t8

CAIA AL9I
0
. * 2.: 4.. 6.. 8.. f 53. 0.1O

061* Cff /-70.. -10..10 20.1

CATA Ch~it

* .206. 207. .238. .208. :206, .2,18. Q7

* .222: .222.. .227. .224. 2.31:.'233 .
2
1
5
, .2)7/

DATA (1.21

* -. 22i.15b25,22205 
-11

*.20e. .207. .25 .209, .206. .209, .208k. .207,

*.2Z22 : 22k. .221. * zq, -231. .233, .211S. .237/

CAVA (43/ 
'2?
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: .236: .2716 .239: .23i, .240, .240: .240, .2V8,
* .252. .255i .25a, .260, .262, .265, .268, .269;
0616 CN•41

I -,27b.-.273,-.259,-.284,-.260,-.255.-.41,-.226.

* -. 260:-.259i-,257,-.24,-.251.-.2.,-.239,-.225.S.260. .2613 .262, *23, .264. .264, .26', .261.
4 .276b .2791 .252. .283, .28S , .281, .294, .:295

tAl% C 51
* -*246,-.243.- ,2'O-.03 ,-o232,-.2?7.-.L25,-.2029

.230, 232: .232, .23 1, .234, . 13..34. .231,
*.246, 249, 252. .255, .257. .258, .262, .263/

C1TA C66/
-. 165,2.152.b-.163.-, I613. S4,-.155,-. t46. M3.,

* -b12.. 1IT1t.025.-.17). .175, .176,-.179,-.14/

DATA CK71
IL.52 . *2 .116, .1I3. .116, .157. .116. .115.,

*.131, .130w .172, .175. .176. .137, .079, .140/
* -. 131,-. 129,-. 17.-.125,-,123,-.121,-.l15,-.108,

DATA ChoiS* . L0,-.104.-.103,-.i12.-.l04,-.l03,-,106,-.102,

"* .107-,.106, .10, .1og, .1tog .tog, .109. .107,
"* .12-3, .12. .126, .12). .138. .123, .139. .1321

E&O
LCCK CAVA

CCFPON /hCLC/NCLt6!
4 - CL. 1 G/1LF(6)- 0fF141, AM93)4AT ALP?, /0, 4.1.0, S . 10., 16.120,.1/ . 17

UArA [bF 1-20.. -10., 10.,• 0./
* .1231. .128. .128, .124. .123,* .121,.11.12

DATA CL2 I

-144 -ClI9,-,1A,-.13-, 78F1', lM4I

.*131. .1l2 -I. , .124. .123. .121.

.1*.44o .149. .141. .138v .138. .13W1

CAV A /C ,3

C4T ., .136., .1, 8..12, .13, 320.

*-.144,-.149,- .141,- .138,- .138,-.134,

*-,131,-.128, -. 125,-. 124.-. 123,-. 126.

: .148, .149. .143, .140, .138, .1361

ENC
ItC(PE CATA
CCP•oh /hcmc/NC0161

-/CPICFUN/CMIi32).CM21321eCM3132JCM4132)e•"5|321.C6|•2),C"7|)21
*CPS (132 1

DATA F,-,1/8.4.840,0.0124-I3-1

C1T, CEF /.209. -T.. 13.8 20.1

DATA COW
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1 .938. t937b .937: 0936,.'s *3,*4. 9

4 -. 664,-.84 , .984,.e6.q 68.-.65.943.-?,

CATA C'2/
1 -. 3 ,.3,.3..3e,:: 98-.939.-9'44- .9..

2 8.66', .06..4 .6'. .60 6 66'. -69 870. .87.

4 .938, .8) .3?, .86 .38. 939. .944. .948 1
CASS ('P3/

2 -1.04:-1.064, 1.64 ,1.0 I064. .65..02-1:0?;.
..6 .0, I .C6 1.014 1 .. 1.C 5: 1:02 807

4 1.12. ).37. 1.131. 1. 818. 1a3e I. 1.4. I1. 144. 1.5/

-1 21.Z? .12Z77,121-.3,127-.1.l2S-.9
2 ; 24.1203 1 .~03,.2C3.-I204.-1205 -.2 1 ?.16

3 1.204. 1.203. 1.2 03 .2 C 3 .204. 1. 205 . 1. 2L11.26
6 1.217T 1.211, 1.2317 1.237,7 1.217. 1.279. 1.28S., 1.29/

CAYS CI'5/

3 720, 118 .75'75 113, .712 "'11. .71t.

4.196 . .74. .791. .769. .786, .781. 7187 .786/
CATS (66

1 .621 -:620b- 619:-:617 -615:-:614.8 .- 63
2 -.545:- 54,4i-:543-.4* .90-539..187.-5 ,4.

3 .545. .544. .543, .S4. .40. .539. .537, .534.
4 .621 .620b .6t9 .611, .615. .61 .612. .6,3/

1 -5866.54,- Sal -. 82. -90.579,-.57?..576,

3 .'.l0 3091 .567 .51e.50, SC-, .50z,.53
4 .586. .941 .583. .382. .:61. .791 ...7 .55,76

CATA CP8/
1 5.8 6. SO41-. Se3 -. 3 1 . -- .900, -59 , 76.- . 575,
2 .510 5.06:-:507 -506 -505 -504:-:50?,- r)3

3 50 50. .501 .:50s, SOS:,:.04, .502, .903
4 .596. .5864 .583. .561, .580. .579. .578. .575/

OLCCK C876
0CCPP0 /NTi/NTP-121

I 1HA56111,5120:
/THF u 4/~t? F, 20

CATA tth/13,1/
CATA Il-Ad

, 0..05' .1. .2, .4, . , 1.3, 1.5, 1.6. 1.8. 2.0. 2.8. 100.1
CA!; IXF/

I1., 5C00.. 4000.. 3600.. 3650.. 3800., 3600.. 2000. .100..
*700. * 250.ý 0.0. 0.0/
EPYC
BLOCK CATA
006604C IMCLP/NL414

"* CLPARG/ALPIS AmP187)
CL CF U. ICL P1 56

0066.(N /NCP c 2014
* /CQ1RG/AL.QI67.AM0( 4)

f C-CFU'N/CPQI24)
CATA ML/6.a.0,0.1
CATA A16/0..2. :4;:6:;.,1..5.2.
OAIA 569P/0. , .9 1.. 1.0.2.0.12.03/
CASA 01.61
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-b -4 Z.

6 3?- .B , 0.941

CATA
CATA AOVCYO. 41. 9,2,31
CAT$ cvc/

1.7

Sz~ua ;,C)I Cki&OET(EETRIC-DEICS.MBCDBS
CCppCihCA4310

oejt6'L-HL FOV ()F CE-1ECTOR
CEPPC-ýLFFC () CEFT2C'$ SP'OT

C AA-LCt.ER LFTS~ OUAC.PNT

ee)-L-ctI MT CuACRANT
( CC-UtPtEq LEFT QUACANr

C O)C-PPER RT CUAEiI
C t~ftCtI'LL of OEFOCUS SPOT AT INFINITY

L.T.I6

3 EC ic .CEFICSIST-295
7 

8

yr_(.VCF
VETRAC-CTR C/5 7.29573

LCf-S('-lkQ (O.. 2.YOF.
2

1

C2 1 A *L lP A0
OEFAICktGEFUCSRTl

~c 1OI.LCl
AC( 1 )0 .

1.0 64 t )o.

Clp 30 IRA' - 1-. ICI

IFC tD'SPAC (at) .. (tlF..2).L..0T3

C02ONt 1,2

IF (C(LI E0o)"T3
At I I1 C( I)-L'
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I F I* "I .LI.O.IAI 1)-C.

BF ' I ' .11 .;.5 1 3.0

35 AlII.0123-CZCM

21 ' I 3- '- 'e 'I I I' C II

GEC. 010

CC IC 3

8( A11-0.

30 Al I i t 11S(C4 1 - 1 3

AA.0.

IAO

40CO0 A-S tN

ccrc~o

4Z 111 L WT (6.1 * ACTIW 14653
S CeQAFAT(l. lI. AC 1A2~

AA.0.
Be 0:

Cc .0.
s0 Folap;T(32p, aREAKLCCK AT RANGE EQUAL. TO -P(1~2.'4)

StJaACLT INEr.AUSSIS.APM.VI
1QWCC4310)

ECl.JIALENCElCI 1033.YFL)

C. -TIE RCC.2'
1

C STA;,CAR0 DEVI&T10Ol

c A~-;lSUl-Er AEtU~flRAC AAN

IL V- AL f CF (CAPTOC NURHJA6LY OISTRIOUTE0 RANOOPI NUMOERJ
A-0.

50 A.A*YFL.
V. I A-b IA

s ueRCUTINE ClOl
CCPFCN r143101
£1LIVALENCI ICITI.AILt-l
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E;U IV ALINCEs I E 121 ;AVhL
ECUIVAL(ft,CE ( (20'. *V(AC~I-

ICUIVALEN4CE(C laJV
1 ltl

(CUIVALEINCE CE 61 j'.IXtj
FCUIVAf'CE.C(I

2 3,,Qjfl
FQEVAL. NCEit I VE~ ItF J~

£CUEVAL ENC' ECjdaSp *G
U l'EPCF'.C.EC.0-0 FEITUEEN

IFIALL.E-01 C ?c 10

VIL, VpAC,-
XI RSLAht * CCSCEBoIVe)

"IELL' AOE.ANT * 
5 1

"CEBDIVFI

VILV . 0.0
9 CONTIN~UE

OIE.L - SCRYtxlJ...
2 f jIELL.*.Zl

YStN 0.C0392.1-qLL '1117.)
" ELP - VSI1UKC.VELDI

123 kITEE,6.11
3'. WIL4,YEACP..ASL, I*ILREAL,~wvL

SI0~tUT!N( CIO

ECuIvALEICE( c 131 ILLE

fcUIvAtL E~cfIC18? XJLjfCLIVALE'.CE 1
C(2b621.Hm(Ifj

fýQI6Uh~fc~s FtILL)
ECUIVALENCE c,,IIL
6cuvALEfIfC(ICII .6CAfjECUrIVIIE*,CfIC( Z).WAjjai
EcuJl1N.Elc IC6 .8 (SPOIlJ~
ECUEIVALENCEICl9 j.A$pOy)
ECI;IVAINCEICfIo),y~porj
E(UIVAI~fNCE ICI13'.) Id
EC~~EVALE&CeEC( ZoOI.0 1.1I

EQ[ LNCE Cf44~'6), cyc!9
E CIJIVAL E.CE C I j

6 5
I'.RrIEJE;rjVIVANE (CIII 5,SPyCI'O

IF(Sr.EC.Ec'Q/.O) RE lT EooRo 0FT .E c. to'. r),/2. AND.rf I cI-IN,-IAeurE0.oI Go ro I
lEE E.Lr..IJE.."I.4IN GoT -0.1 2 . T

IFEI.EC;0 o, To 10
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XIILL.Ec.Co. U V.000) Go To 10
.tILI~ . ORT &XIL.21L*1

10 CCKT ItU!
ANG IT *- ASINDIFILLI/RILL

S *F S0'tES'(lLt/CIO0.0
w .%C WA G -q SPICLL/ I.%CTANCL0

OT,.( lf3 I R7I:RC F I
*T(, R, ýLC IGICR EF I

C 1 RchcC,:,,rF)

OFC * SPILE'. -.Sp or

CFCLRP *-Spwin. A Spot

Z LXAS.C!,w 'CTýRf *CF(UN#0 F IV E

y L A q. T.CP -C FlR E P .rCLC~RP ,CF I VEP
3 CC%T~i'UE

1234 FCPCAPI2. 01.

%"ý'tEI... *4T1VILF,PPMi4.RILL.HILLANGILL.BGREF.SOAE.uAý!OFIWANCI
jA l T(6.12 3 SPýW IC.RA OIUS.SPLE tNG .SPW !O.OTWO.OTWOP.OTHREE.OTIIREP.

RE;TUR
2 x11CT - 0.0

YS pCt - 0.0

. CC" T tuf
15.1Cr 0.0
YIPEr - 0.0

RE TUAN

FUNCTICN ASINWXI 
IAl INC-51 29578- A INtx)

RE T L. RN
EG
FuNCTICK RONCG(A)

CAYENS C.?117 77717 TCOCCCR

C4, ,.,.0.0,1.11.0 9 2.0,3,.0:50:.0:7.0:a0:91.01. 2.1 .6.7 2.R 1.93.1.
1 1 5X.1. 1 .37A, 1.$9 1 6 .5'.El..28.1 .7 8 ;9 ';0.

~.kNalN93: : I ,.953d..Sr9 q.9,. :69k:99AL.9 B7::q9''0.

41.,1;,l..18

ifIn ;G TO I

CALL. CLINE15 51,,3yAV)

IF(IIEC; 11 A, A

0ccl 0 AY Aho

RETURN
ENC
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SUD'CUrINE CLINFIN.X*A,$,Vl
DIPeNSIL.4 Al)' all)11
IF( " 1 00.1 0 a' l0

AOL ,1 102 2 N

IF IX;Al .) 103,9103.102
102 Q 0NTIFUE
103 v * SI -LI 4 IA-Al I-Ill*CII8 -II4i -l-i

RETURN
1o0 V -0.0

FUNCTIc,. RONOIA

EQUIIVALENCE '1.1201,11
CAA I E -7 7T? 77 7 777 7000ocogge A

CAT) IfA - 377?777717T?754
CATA(IR 1.~?777777400SI

I" I G.r 0. I.GCTO4

a IFIII.GT.999)GOT03

CIx. 11.24

3 1 x. IX/10
GCIC2

J-19-262147

B!FLCAT 134579I

R E TURIN

DQIVAENSCE ICI 1001.V
EQUIVALENCE (CI 100I.VWL

C.#INPUtS FCW rIE 'CU
ECUIVALENCE IC15201,PWNI

ZEQUIVAENCE IC( 50EV PbTE

E~IVL~CEIC 5),69 W



I Ft R14.YOfRHW )COT010
I~ 12~ 0C 'a69 32tO

II?K-196)4329

Ir ft I NUCTR.RWINC.GI.RANG0)GT0?O
RNG T !,RA.% RrM,! N cINC
CAL LU CtS S~. OS . i PSIAVI

CLLGUS SI SbcW.ATE ~w Trv
? E VP.- vV.CUSC(GFsIAYI

vaVE *0.
RwE TUR

ENC

C.BAIR (LEA PCCULE 03
Sue POUT IhE C I
C C rP CN C 1431LO)

C*'INPLIy EAEA
(CU[IVALENCE I C102081.RPER~O I

C**INPUIS FACt' OfIbR POC ULESf
ECUI'SALENCF (CIOIOO).vaxE
ECUINALENCE (C0;,1)VWEE ' I1
EcmJIVALENCE IC(Oi02). VWZE I
f CLIV9ALS. N CE (C1iAAOIL. VRE I
ECL.I VAIU(LC[C 1Cf60?h.YE I
ECýUIVA4LRE',I EIrC(,1b11).,VZE I
tEsý.LC .,ýN CE 0.1621).Aiz I

C::SINPITS5 FAcT' PA INUPROGRAM
C *IATE VARIAeLE C TUT US

C ANC N E
C.*CIFh'ER CuIPuEs

f.:uVA~tENLC ICIC200).~x
ECUIVALLNCE I C C01).Vý%aY6EI
E CI v 6t ENC E 10t0202,VWdE IECUI VALE'ýCE 1C 0203) ,PCYf.MC I
ECU IVALENCE IC(C2OAI. VAIc H IRCUIVALE'CE EC(C205),CAH I
ECU I Ia L fC E (0C(4020 6 1I.VSCUNO I
ECU! ,vaL ENCE I C (0201 7) .AIRSPI
RCUI4ALENCE 0C0209 1-R 1

C..CALCLE PEENT ALTITUCE

CC.CALCLUL±TE PISSILE VELCCITY WRT AIR MASS IN EARTH AXES
..bl * ViE-VWlE

VwLPVIE;VIlE
VA! ASP SQYT7 tP-WAE-.ViuEEVmWYE-VMWYE*VMWlE*VMVZEI

C--AIR CEIKSIEY, SPEED OF SOu-:C. CYNANIC PRESSURkE, AND MACN
CRHC-t.07641511(1.*.3321E;04-RHRH;H-RH'¼01315E-121
VSCIJ NC *-.003 9 2 l1I.

POYMO O iO.AIRSP. A IRSPII64.344

ISuOA0UEINE G4
C:: END-Ct-RUNCALCUI.AT I CNS SUBROUTINEG

C . TR15IS I * LU3RCUEINE. Not A FMODU L.G
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Co. IT IS CALLED eY STAGE j to C.OMpI~j MISS DISTANCE AND STOP THE
C'. MACCRAP IF PANGE IS ZERO.

COPFCN CIlIolD
(''INPUT ECAT

('AINPUTS FACM Gtý-ET MPECLES
ECUVA(-N.UICIO3SIS~.LAMH )

VrCUIVALENCE (GICG3SeI.OGAmV I
ECUIVA~tNCE IIII.AC
ECUIVALE'sCE IC(II6I,VIE
ECUIVALENCE (I~flEOI.VYE I
ECLIVA EI\CT (CalIEiiIVE I
ECUIVAtT'.CE ICIIEEGCI.VIXE I
ECLIVA]ItCE I CII661I.VIYE I
EGUIVLACNCE ICI,662).VTlE I
cCUlvi RISE IcqLfIsI.RAE I
ECUIVALENCE IC(161SI)-RYE I
ECJIlVALER.CE ICI 16231.RZE I
ECLIVA L ECE tiC l651I.ATTE I
ECIJIVAIENCE ICII165ST IVTE I
ECUIVALENCE ICIEESRI.RTZE I

Cn.INPUTS RICk kSIN PROGRAM

ECUIVALENCE ICIZCOOIIIT I
C'.TT s AI~L CR CAP

C.sOt,"ER CUTMUIS
ECUIVALENCE IC1t0jCI.LCGtjy I

Co. .mISS CISTAhCE PARAPEIERS LEE OUTPUT DIRECTLY ARID ARE NOt IN COMMON
C . TEST FCR INCtAPAING RANGE AND SOLVE FIR TIWE AT hHICH RANGýE IS LEAD

S FORMAT 1 16, Hk MISS CISRANCP- LPEIT.8/IHO,L3H EI"E FINAL'

* FCAwAT CIiO.LOR.IOF-XH ELRIH*IPEI?.R.3X,IQHYP EARTH-.PEL17.8,3A.
C ltOED' EAATI-IFEIT.RI

T FCR-RT IIUJ,401.1OIY FLTFATH'IFPI?.A.IR '0HZ FLTPATH.IPELT.8I
Coe PEST FRA INCREASING RANGE ANO SOLVE FJR IIMA AT WHICH RANGE IS (FqO

IF I.C.i50ICO TO 20
IF fIAACE--yVANG-E.LT.0.O. 60 TOL10
TORI. * -(-JJI.URT-UXE I.UVVT.IUYT-UYE I.UVLT.IUZT-UtIIIOuVXP.IUzE-

C LVT)*EJVVP.LkYE-UYTI*UVZE*IUZE-IJZTII/IUVXT*UVXThZ,*UYETMUVKE
* UvxE.UVxE.UVYI-UVYT-2.-UVYT.UVYE*VUYE-UVYEOUVLTOUVLI-Z.0

C UVlI~uVlE'uv1E'UVZEI
UXTC - k;VxT.TCEL-UXT
liVID - wVrT'TOEL.UYT

UY' C * LýVYE.týEL*UYP I

ACX - UV-C-UX)TO
RCT * uYP'O-,LYTO
Rcl . UIPQ-ULTD
AMISS - SQlTIRDX.RCX.RDY.RDYt.ftDL.ROL
TERTC- - TCEL.UT
UST)ýT - S:,;DLEGAPY)
UL I I- T COSCICDGAMVI
USPSI * EI'IOIAGAMNI
#UES I c* s COSO ACMII
UIlA * LCTHT.UCPSI

t,'-LSEIII.UCPSI
UC13. USPSI
UCZAI U STHIE

UC22- UCHISI
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V C31% -UCIIAT.2J$PSK
UC02- USYHT.2J$PSI
"I'll. uCPSI

EFý VC 11C.QCYUCI?.ROI~uc13.ROL
AVY1 u uCŽ1.RCX.uCŽ?RCY

*IF LCII.YCXILL3Z.RCYUCI3.R0Z
,,A ITCE I(b ist P!StZIERO
b.PITt (1,6" (CX PCY y CL
WM;I TE f 6,'7 RYFPRFtFP
LCC.\V.?
A? TuRN

10 Utj*

VYE : YE

uV x C VIE

tunE I'Vll

UVYT JItY

.20 UR.INE - RANGE
IF (RA GCT. 100.) C;CONV w 2

RE " A P
C.OcccpcAC:NI E CCNVERSICN ('ODULUA

SL-'PCUI(N? c5

C CCVNIIN C&4310)

C.SINPUTS FPCt' (THA MCCULES

A(LItALLUNC? :(0t.'?) t.IOE )

ECUIYALt CE c(C21t7S,RtX! I
fCQuiI IALýEN( CE IC( 1637,RC I1£p~uv ,tV"LEhC (Cte)? .RCY IE -.,IY EtYNCE I C 1661 ),VIE I

1t'A L.(CE IC1tbtYZ
AcUIYALPEN ~ 1C[ 1t61,R IX I

ECUtYALENCEI C:6Lbt ,.RttLY I
IECrJ At',CLf I C167Olt.1CFAII I

I-CUZYAtINEý; (C i 17072.(12 .Vcai
ICZ. 1VALtNZE I(ClI"6) 2 12 GIBCi I
ECLYALE'CE LCILYIC.Cel h21 I

IV! iNC 1t173.CFAZ I
ECUIVALENCE I:21c)L t 6 ýI.C1A3I I
fECu(YAL'NCI i1?0352.CFA3 I
(CuIYALENCA JC(17392,tt'E 2 I
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ECUIVALENCE C14Iw

EftI A L 6 CE CIS)CA I
ECUIWYA L I%CE COCt S
E(LIVAL I%CC I C 2A4 ).DER I
ECUIVALENCE IC13504).OPrN4 I

C
co.orI4tP cErrvys

fGU;VALI'CE CIJO;SGI.TI1 I
ICUIVALEN.CE IC 0 51I.8psl I
E;;J[VALFPSf IC ( 0352IE ~ By)
ICU VAL I N I C 103 5! ), c ýTo

CcIAr: IC c - 5 4 0 SID
k QU 1 4ALUE 1,CIfC I035s I ,ePo 0 5(

~UVINE I CIO1 J.AI,ACM

Icýu4VILINCi 005 IcO 1. 6Av M
(CUIVAL:NC( cO62V~~~IV~E~ :CC;0 603,81IVm I
EjICU 4:',CE vr06 P'iQWV I

E',IUj.1iyCE 0CC3611L~q 11
ECuIYltEC N ( CC 63 -4 S, ALPI
I ' ,j IVAt I NCE ICr(0O364 PS8LY I4

I C.I VAL U.E, IIC IC 3O6 L' ,o LP A 1S
ECUIVALE4(E :C(0367l,8.OPlfAIP

EcUIVAL "-.I SC 0O3 6 ELeA
E;UIVALECE tCtC3721R3 SoýGI

Elu IVALXC 1 4ftC I c 3 ,OI.CSBP A S
ECU IVALT ~E 4 C F J?6IISLOSIIaYA
E~u I VAL E %C ICI IC373,RI.ALP I

ECU'IVILEt.CE (IC3OI?5I.ALPO I

ECUIAILEP.,CE :C(03791.OAIPPC
CCU V LE1,CE ICl 380I.R'NGOI

C O.CALCUL A IICh O F 14 ACI N C PITCH. POLL ELLER ANGLES IN DEGREES
I "T'jI ~12313;A31)
A flNICF A I U T ICF A I ICFA I LCFA 12.CF&12 11

BSF ATA'JlCF A L 2,C,;A , II

5 cPI T IA..IC8I I'RVEOIPIII/OOIET

SPAI TMT WP.oPSICC.SINOI3THTj
ST0 WQ ccsolCPIE I-WA*S INO, SPNHI)

C
C..CAI.CVLATICN CF TOTAL VELOCITY

VTCYE - SCRT 1xEVXE.VfVyE.VYEwViE.YlE

RINGO - SQRTt IRXE-AXCJ..2 * IRfF-RTOI..Z 0 RIRE-RI0I..21

C.*VRAANFCRNl PISS ILE LOS FRO" EARTH 10 Eb90Y AXE S
R18A~ ~ * PCC.FI SOL*PI OELI:CFAI)

RTA CELX CFA21 * CELY CFA 2 * OELZ CFA 3
RZOA* ArCLX.CFA31 RGPELYOCfA3J . ROELI&CFA)3

C.'I4ISSILE-lGt It IN BOCY AXES
SLCSSP Al* RSý~qIXAABýPYAAB)
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BLC3BY .ATANCIAYAA.RXBAI

UVPI - VXE.RDILX .VYE.RGELY
UJVP2 - MCEiX'-GCt.X*RCELY-RftCLY
UVP3 * vlE.PAfl
UVPA - SGYIIUJV?2)
RANCE - SCATIUVPŽ.AGELS.21

C*.VE~rICAL ANC HCRIICfiTIL LINE OF SIGH? ANGLES IEARYN AXES)

SLARN * #rTANCIROLY.ROELAI
eARM, ATACI-AGfLZ.uV$4)

C..VER?ICftI ANGC HCAICNTAt. PROPORTIONAL NAVIGATION ANGLES
IF I 1.LT .C(A ICO$C30
IFIQAkGE.[Q.C.0I GC O 02
YxP41vl-~,JVP3)/RANCE
CC. OI INLE
IPIUVP'.fC.0.OI GO TO I
"VyP - I Vvr.RCEL%-vxE.RC6LYf/UVP4
VIP - I VIEE.UVPZ-RC (I .UVP I /IRANGEMUVPAI,

I CC%?I.%UE
OTHLV - Al'&SOIVZP.VRPJ
SFSLV A(ANOIVYP.VXPI

ECAMV *ATANCI-YZESQRTIVAE*V1E*VYE-VYE)I

BGAMH - iTANCIVYE,VI&I

Cn.VELOCITY 1.17 AIR IN OCCY AXES
WMWU - CFAII.V"MXE*CFAIP.VM-WYEICFAII.YMWZE

*MV CFA.21.Vt(.XE.CFA2Z.VMW'VF*CFAI.-VMWZt
VhIw - (FAX ('v-ýE *CFAJA.VMWIEAGFA33.VMWZE

C..VERIICIL INC H&J3IICNTAL A'.fttS OF ATTACK
SALPH'A A 7;IA-MAL.46V?4n0
BALPHY ATA..OIVMPV.VMWUI

IF I LC. CC .30. At;C. Vk'IJ.(fQ.0.0) G0 TO)i
BALC - Iv~nU*VGLE Vm,.WEVUXBI/IUSO*V~h.WfeIsCRAO

S CONTI.NUE

EALTO: - IV,4wU*V0y3 -VMWV*VO18I/IUSWJVMWVO*2ItCRA0

A CCS1IhvC
8AiRFO' 0.
If (PALPMP.C.T.0.I EALPPG- IAALPMA.IALPO h BALPIIY.BALYO)/SALPHP

C0@ALPI1A PRIME9 AUG PHI PRJME IWIND tLNNEL AXES)
If 1113tP-t-eALPFY).EC.O.I GO010 30
DPFI- I.ATA\OI1vMwV,Y~WW I

30 e1AIPTP.SCZit(8kLP-HA..2-ILPhVS-2)
IFAEIS( CILP-PI *,,T.2C. IAALPI-P-20.

RE TURN
INC

C.0 SEEKER AND PIREFORP NIl'~ MOGCULS
s0AXOUTINE SiI
CCR'CN C(4310)

GI"ES ION% IF~IOI)
E,(VALECE;~ IC( 4451,111 I
ECIuIVALEkCE 161 4SII.CIGE I
fLuI~tLEhCE 101 RNCI.GUIDE I
EktUIVALENLE CIC ANIISAPP I
(CUIVALENCE IC(25411.N I
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SZ:r.
SY 0.

UT - 0.
GU ICEi. I
CAGE0.0
SAPP . 0.
Cl 46521 0.
IPLIN.I 1 424

RE TURN

C TICEA PLAT~fO~P4 ANC TRACRER MOCUL9

SUBRGUffhe Si
CCI'*(N C143101

C96INPUr tATA
ECU1V"LE"CE (C 10441 l.StGBISI
ECuIVALENCE C(CI044?I .SYGOI$ I
ECUJliAENCE 10I ;43).OPTR~ I
FGUIVLLEt;CE ICl 44

4
).oprSKL)

ECUIVALENCE (CI 4'.SI.UT I
ECLIVALE%CE K(C 44#tI.COT I
F C!' I Y5L ,C E JCI N4 71. C KC 1I
fI.UIVALENCE (Ci 44a),CFCt I
E(',IVALECE (CI '45I;)CFOVY I
ECUIYALENCE ICII6,'!I.lMSLl
ECUIVALENCE I(C NSOI,GSb I
E QU IV AL E hCI E I 4rII,.CAGE IEI.,IVALENCE ICj(O45j).003AEAKI
EC~., IAL ECE IC (045?).RBXLOK)
Ff.IJIALENCE IC(04541.BECGE I
ECJIVALE%CE (CI40SI ,ay(
(CUIVOLCEJCEIC140i),RlI1
ECUJIVALEhCE IC(0455 I.WEPSMXI
ECU WALENCEMC470).S.iUCt)
ECL IVAt E .CE C(45I ILSt ASI C4 461) YLASRI
ECUIVAiE.,cC (CI 4E6 I,CEF0CSI
ECU1VAtf',CEl(C4h..,qI,,risAo
EýUIVALENCE IC(G'45t)CK$KA I
EIIj'AjENc:FlCIN?3 ,VLA?RPj
ECUiIVAENMC(cc N2).CýSK1I
ECUIVALENCE ICI 0'51 ,CTG$tpI
ECUIVALENCE (Ct045@ I,CROSPT)IECUIVALENCE JCj 4601,GUICE I
EýUIVALEhCE f(C '.6E1.SAMP IEQU14ALENCE 10i 464i.CcamVS(
ECUIVALEý.CE f(C 4tlICCAMIHSI
EQCUIVALENC( 1

C10855),,C I
EFUIVALENCE 1CIO0561..GY I

c ECIJIVALEhCE IC135ONI.OPTN4 I

C..INPUTS FRCP OTPIER IMCCULES
ECUVALENCE IC1037iI,RANGE I
ECUIVALENCE ICA037UI.RX8A I
EQUIVALENCE IC(C)313,YgaA J
EQUIVAIEFICE f CO7 4 j, tI ilA I
ECLIIVALENCE (CIE615I.~Rx( I
EGUIVALENCE iCI14jSI,Ryl I
IEGUIVALthCE ICIL623I.ft1E I
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ICUIVALTNCE ICC1711 ?M ICVAAC ICIIt 74OI, wC0 I
CCU'-VALEh(&f ICCI44,w
ECUIVAtES"C( I CILA "hW.G 1 I
CCU I v ALE CE lclI17A7),IER
fCý.IVALENCt C(42000)4 3

C
CAAITATE VAQIjPtE CuTPUjtS

$.Cu VAt (%CE 4(:0424 ).BTk-TGO I
ECuIVALE\'LE ICIC42Ib: T,8rIr. I

ECLIV~tIh ( IOZI,RPI;C
EU I VALE~c " ( t04314,BPSIG I

CCE.OTI.EA CUIP"uTS
ECUIVALE:,Ct :C:0403,L Et
C~u v Al s IO7, EY

(CvtEC 41 04)2 1,RXG I
(Lu [VALt(ŽCE ,CI o404341,RIyG I
RLJIvAtt.NCE IC104J21),RIC IEculqALýN( E 1I10bO5'.03p51.PS 1
fCuJI/ALkNCE IC(04uI,"Ep"y I
RC.uIv4LtEN' ICI10, 3 7,wt IRCL.IvL i'\CE 104I0438):WY I
kCL-14IAL EE ,CIC104591,RGCEFi. I
t(UIVAL(NC( IC( 4624.02
ECUIvALINCt ICI 463),UY

C..OIRECTION COSINES FOR BODY 10 PLATFORM 1'RANSFORMAIEOPI
IF)II C1.01.)(cr030

$1 .0.
$1.0.

30 cC~iJI'ul
0i331 SI'JOIEBTHTG)
U6)3 C (SOIOTH;GI)
uil - S INOI"PsIO;
,illZ * COSOIlp S ID)
0611 *LB22 I U33
t06e13 11 -01*U

LIB2I U63L1UI312
0B32 *0.

C
C*' CALCULATE TOTAL QEFLECTICN OIF GIMBALS

cBGf.EFL.SCAtTf8 THTG..ZiePSIG..2)

C4'TRANSFOUI LOS FROM B0(7 TO GIMBAL AXES
RIG - 0211 QAOA-u612:RYBA~uBl3.RZBA
RYG *uE2L.AxQA~ubi2.AYBAaL 23.RIBA
RIGt U031.AAU8233RZBA
PCI .ATANCI-LI'SBLARAKECE

C.SCHECK FCA PIS5SILE AT SEEKER BREAK-LOCK RANGE

:F ;RANCE.'GT.ROKLGR Go 10 40

IF ICICFCV. GT. (0 TO 49
C
C-.LINE CF 510-T RATES AFTER BREAK-LCCK

LAPFI *tr-UTI-ýEI.WtPSMl
IF IuEFS.CT.REDGEI f 0PS BEOGE
REFp t - UEPSZ'.uýEFS
BEFsv - uEPSY-UEPS
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6c to 50
C
CODINI tIAIITLtTCN OF BRtEAP. LOCK VARIASLAES

3 5 (ife' (P t
*ES BEPSY

w~ltT 16*ZDOO T.ftANOF
C200 FCRAPt 130HOOREAK~LCCK FýAS OCCIRftO. TTIME.,FC.4*8, AANGE..FI12.*)

COOLOS EPROAS IN PLATFOAP COOROTINAT611
*0 EP51 ATAIlC(-ALC.RXfI

Go 10 50
69 CICIEK *1
'a C, Il I ,UE

F fIf-TKR .GT. 0.) G0 To 80
It (RC5KR6P.Up
Sy' CKSKR.rTVPSY
CAGE -1
GUICE - 1.
Go TO 92

60 IF It I.E. Utif GO TO 92
VT? - uT # CCT
$I r %O.
AAA0.Q
CALtG&IUSSfSlfvAAAtAAY)
IFI(( 1O3).GTbVLAlRFICOTO9t
SStr O.

SSY-VLASY/gAGE
40 PlGý4!G.1SL.RANGE

FX£.ftXG
6E PS.!'AT A NT -PjG. PX1CT
PYG.ITVC*SSY.IAN6T
BEP5Y.Al?Ai PYG. P(GI
CALL UACEI I CETRAC.CIfUC$

4 AA..BB.CCDD.eEPSZSepSy,
CF PA * PT*Cc. CD
jT( CF.L7. 1.EF-5 ICF 10.
SV. I(C-2e).CKSKRCF
S1'.TCC-AAI.CKSKR/O$
CAGE?. 1
GC tc72

91 Si-.O
SY0.O

92 IjI - St
U.Y * SY
IFfCF.CT.O. )CTICNECA1.

C
CG.FITCHi FY'C-RA-MING ANC SEEKER GAIN SWITCHING

UT cuIce.Ct .OIGOTG2O
IF (SAPP Gcr. 0.1 CO To L9
IF (CAGe .LE. 0.1 CO TO 21
lUtz U
SAPP 1.

19 IF tSIG&II.. UZI .69. SIGNIL.. UEZII Go TO al
GUICE - 1.

20 0AFCCS.57.?.-OOA6i/COr/COy
ti- Ul/CKSKA.DAFOCS
tY*IJY/CMSKA.CAFOCS
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T., I

21 Et . CGAPVS/GZ
EY . CGA M 4S/GY

22 CChTlhu e
c
CSOPICN-t.1KEAR $PICrIO.NAL CCOUPLING OF GIMBALS

IJZK:SIC,.CRCSPI .PSTICDT
UYYR.S ICh CRCSTP.EtIT-GO IC

C**PMISSILE LCC'r kAt(S IN GIMBAL AXES
'by : LUF2lWP.Utl22.).CUB23*hR
hi tJ031-WP-Ud32.w.s;tuB33.%R

C
OALPC - IU? * SIGOIS *UZK)

BEA fUT - SYCdIS - YIT)/U822
C
C-.GINSAt ANGLE DERIVATIVES

If ICACO .Lf. 0.1 CO TO 99
81BTCEC - IBALPO - lY)/t;822
EPSICC - IBETAO -hi)

C, PLG OPTICN
C eTý IGC--CKSK3.ert4TG
C ePS1CC--CKSK3.BPSIG

RE ElANh
99 sTHrGo . 0.

BPS IGCC 0.
RE ELAN

C* TIGER AUTOPILOT INITIALIZATION MODULE
CG*'.*k-C'- FREQUENCY POCEI...'...

SeRCUTIKE CII
CC.P'CN Cf4310)
DIPEhSICh IPLIEOO)
ECU IV AL CCE IC) 835),EZS I
EQUIVALENCE iCc e4!IEYS I
EUUIVALEI.CE IC. 883IEzEss 1
ECUIVALF%CE ICI 087),EYSS I
EQUIVALENCE ICI ABA).CCA1MVSI
ECUIVAAENCE ICI 'A5),CCAMNSI
EC(.!VAiLENCE :Cf 3531 3,OPTts I
ECLJIVAIEhCE 

ICZBI,ECUIv LENCE IC 2561:.IPL I

c N~l.stl * k
tPLIN) .eoo
IPLIhSLI - 820

21IFLUN-21 -824 7



EYS - CCA,.HS
22 EIS$ * EIS

Cl 803) *0.
Cl 8231 *0.
CI 8271 0.
CI 0311 0.
Cl 8393 0.
RETURN
END

COO TIGER §UTCPILOt POCULE
CO@9*OOLCWi FREL&JENCY POCEI...9.**

SUPPCVT INE cl
CC~p"U' C(4310)

DIP'eItSPN E8GL1Ct4l.yARI101)

CatINPUT CAI&.
ECUIVAtENCE ICI0890)H4LIbMO)
ECL)IiALE.%CE IC(O5SS),lPLIME3
EQUJIVALENCE ICE 952),0BIAS I
EQUIVALEN.CE ICE 851),RBIAS I
EQUIVALEN\CE CIOc855),r1 I
EQUIVALENCE "'O8UG" IC Cl 657) Tp-okJ Cl E3O ARE US60 81 ECNTRLII)
ECUIVALENi'E IC(0863?,IAVL I
EQUIVALENCE )C06l1U
ECUIVALE.NCi ICE e65lTCy1 I
ECUIVALENCE ICE 86eR,TCY2 )
EQUIVALENICE ICE 8111,TALL I

CGOINPUTS fPCO CYI-ER MDCLJLES
ECL~tVMTLECF tCI03~lS*'PpIi I
ECLIf4ALEUCE IC)03551,apt-10 1
ECU VALECE I CI 0403'.El
ECU I VLE'iCE (C1047),E I

EQUIVALENCE IC )1708i 1.NUC I
ECLIVALENCE. IC) L7~39.WC I
ECUIVALE&CE ICE 1?',0l.WCO I

EQUIVAL't.CE ICIE,.7I,4 RO I

EQUIVALENCE ICE 175 1 .CRAD I

CGOINPIJTS "RLI~ FINAP PRCGRAI4
EQUIVALENCE 1C12000),T I
ECUIVALtNCE ICI2965),VAR I
EQUIVALEt-CE ICI266RI..DEA I

C
COO STATE VARIAeLE OUTPUTS

EQUIVALENCE ICE 6001.OPHiISC)
E V 1 L F;,E ICE 6C 3 G~j- I S I

EQUIVLkIENCE ICE 82CI.ESUM0GI
EECJ)VALE&CE ICE 823l.E~uMO I
EQUIVALENCE IC( 8Z2I,.ESUMEC)
EQU.IVALENCE ICE 827).ESuIME I
EQUIVA~LENCE ICE 82el.EISCO I
EQUIVALENCE ICE 83 1 )ELSP I
EGULVAI.ENCE ICE 8321,EISO I
EQUIVALENCE ICE 8351.fIS I
EGUIVALENCE ACE 0361.EYSCO I

EQUIVAL.ENCE ICI 839.,EYSP
EQUIVALENCE ICE S40IEy5o I
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ECIJIVALENCE ICI 643I.EYS I
ECUtIVAL¶ICE IC( fiR0I.EiSO I

EQUIVALENCE ICt a8B).EVSSO I
EQUIVALENCE ICE 887),EYSi I

EQUIVALENCE ICI SSTI*ECELTCi
C
C..OIHER CtUTEuTS

E CL IVaL CEACfEC8EtA t *Ft R)
C..PLAYFCRF- PAIL:S IN INEQEIAL SPACE

ECUIVVLSNCE ICI0808I,EtARk I
EQUIlVALFNCE ICE 8A91,MSC I

ECUli/LtlCE ICECS73E.ECCGR I
ECLIV:LENGF ECIOATNIEVNCR I
ECVIVALENCE ECEOE1SI.bCELPCI

C
C
C..GUICANCE S ICNAL SHAPING

FISC * AIt

EZSCC *TAUZSITAUZ.IGl.EL - Ei) - 2..EliO)
EYSCt TAUV*ITAUYSIGY.EY -Evil 2..EVSCI
ElSie TAJZI(EZSU/IAUL -E EIS - E135)
EViSfi TAIJY.IEVSG/TAUI. A Eli - lESSI

C
C..GRAVITY SAC RATE BIAS

*ý ttSS i QBIAS
MAC - vi EGS 4RIAS

C
C..8cPv RATE SI-APING ANO GYRO CYNAMICS

IF (AusIWQSI *GT. !0.1 UQS . SIGNE 30.. NOI~i
IF IA2SIWtSI *GT. !0.1 hAS 4SIGNI(30.. IRS)

C
C..SUMMIATICNi Cr RATE CAMPING AND CUICANCE SGNALS AND THEIR DERIVATIVES

EZ3P. wCS-WGC
EYRA *WAS - IERC

C
UKA .85
IF IT.LT.TLvi IUKA-4.2i
IF(t.LI.TCtI IUKRtO.
ESuPCC * UtA.(ElAA - EARIA
ESuPAIC . UKRIEZaAIR t EAPR8

C'.TCEAL CUICANCA SIGNAL SI-APING AND LIMITING
EDGER *tfsuNau/8. . ESUMOl
EvNCR I ESUNAO/A. * ESUME)
IF IAESIECGCRI .GI. PLIPCI GODCR - SIGNEIEIIMO, ECOCRI
IF IAe5IEVNCII .CT. I-LIKE) EWNCR a IIGNIMHLIME, IEYNCRI

C
C-.RCtL SIGNlAL SHAPING

*M .3)
IPI T.LT.TCY2IUILPI.65
I') I 41.T Cr~llUP.Q.
1JPV15 UKP.IVPI-IC/L2. & SPHIEI
BPIS *s l6.aIUPP.IS - op~I5I

BDELPC -OBPP[$
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CO*AUTOPILCr OUTPUT CUJRRENTS TO EACH AC7UATOR tFROM SUMATION AMPS)
BOWEtICI - EOCCR BOFLPC
2D(I.C121 - (VNcR - BOEI.PC
RcELICII) - EOOCR - BDEIPC
8(,L4T(:t) - EVNCM 0 I3OELPC
RE ILRN

Coo TICER SIMPLIFIED ACTUATOR MODEL
COO..e*kCMi RRE(CUENCY IIOCEtL.''".
C

SUBACUrINE Cq

c OIMENSICN ACELTOIR b.DDEttt4l.BDELTC(IA) VARI 1012
DIESC OCELT1IAI ACELTC14)

COOINPUT LALI
EqUVAL ENCE Cl 1121).BDMHAX)

EQUIVALENCE IC) 1l4T).C!LTPB)
EQUIV&LENCE IC(11'.l).OELTOBI
EQUIVALENCE CIIl L42),DEL7TR8I

C
C%*INPUT5 FRCP CFPER MODULIES

EQUIVALENCE [Cilk1tl.NI-DELI.T
EC'IVALENCE IC( 857ILBOEI.TC)
EQUI VALENCE fI~ 1L11IBSURF1)
EfuVALENCE lCIIII183.SURF21
ECUIV6LENCE l(CIIL9),8SURFII
EQUIVALENCE IC) 1220 IBSVRF4)

C
CGOF.AD P~LFCTION Rlb!

RrZELTCIII - eCELTCIII DELTP5 4 OELT98 - ELYR&
SCELTC(Z) - ECELTCIZI DELTPB q (.0 DELT ASOETR
ETEL(TCl)I - E3ELICII) + DELTPB A OELrQB DELIR8
8ELITCIN.I - 6DELICIAI + CELTPB 4 OELUS DELAS

C
C*.ACYUATCR CYNANICS

DC 30 11.4*
9OELT) II s PCELTCI II

C
COOSURFACE POSITICN LIMITER

I laeSOEL LT II)I. LI.*BOAX)G 00030
8C(LT()IISICNI8CMAX.BDELT(III

30 CCPN1INU(

8SuPFL B OELTIII

C11103) - SCELT11)

Cd1O)) - SCELT12)

C(112.11 - OrELTIT)
C(11151 - SCELT14)
RE (LAN
EKG
SU)RJUT1INE At

CDRPCN C14310)

C..IA8LE LCOKUP FOR BOGY FORCE CDSFfICIENIS
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COPPCN /NiCXO f-400 /CXOARC/ CXOA ?CXOFUN/ CIOF
I IICXCP / NCX ICI(AAC /CXA /C1FuN ICXF

2 /NCI /NCN /CtAlG /061 /CFL-N ICNF
3 INDCFI*.CVCN /CCARG/GCN~A /rCJFUN/CDCNP

/6032 I.NCY7 /CYZARC/ Cr/A 1032FUNI CYZF

CS*laooe LCO'4(o fCR CLOY P0mENT CUEFF1CIrNTS
I /NCLZ/IILL2 ICL2ARGI CL2& /CLZFUN/ CIZI

/PNCL3l NCLl 10131R01I CLII /013?týN/ CLIP3 / fvqrCH fCPAR&C / CHA /CD4FLN I2M
ft INCCPI HOOCCH ICCP'ARG; Cr0.41 /O(,<ON/ COCr.F
a /6(62/ h6C%/ /0626RG/ CNŽA /CNŽ-,.NI/ C42F
/NCLPJ riCLP /CIA'2F0/ CLPA ICLPFIJNI/ CLPF

*hclNC, / MICHQ /CCMAM(/ CPO A /C;MQFL]iJ C.MO

C..TAe~t LOCRUP- FOR Su*FtCF CCEFF!CIENTS
CC PPO /reclci t.C/C lCLCAý ,G/ CCIO /CLDFLt'ii OClF

ECUIVALENCE ICI1252I,X!NTER)

ECUIVALECNL I 4C 112160/.CyARRI
ECUIVALPriCR ICII1261),ClERR )
ECkUIVA L&,CE ICII12e, )CL ERA I
EGUIVALENCE IC(IR265).CNLRR

C..Ir.PUrS PRC1P OFER POCULes
E(uIVALEHNCE fC tC2064,VmAox I
E'zu 31 ErCt-j iI03673 eoALPNAI
t~tUlVALtNCLE CIU2C4,1(O gVI
RCU:NýALCHCE ICIC3N? I,flALPHY a
EkUiVAtfrCE I0CIR/N I.!3htPKPI
EýLu!V'ttrCE IC030701,C.P.-[P I
ECIJIVAL (rOE ICC 11171,DSURPII
ECU-IVAIPNCE IC(111 LI.CSURF2I
EEuIVttE.%C CC 44:131 I.StjRP3))
ECUI VALENCE CC 120 :.BSuRPRI

C
Cf-INPuTS FRC¶' MAIN PROGRAM

ECUIVALENCE If02O0I,17 I
ECLAVALFNCE tC(2664CODER I

C
C4*C~l-7ut$ - 001FF ICC!E-TS FOR BUOY FORCES

ELUIVAIENCE fCI 12033.01 I
ECUIVAtEcE lCC112Iz)4xO 1
ECLuIVALEhCE ACC12t3),CxC. )
ECUIVzoC6CE I CII 214),C-IpT I
F 'u !VzAL',NCO' I C IL2 15 ).CY2 I
EL.UiVALCNCR I C t 130I,SLCEFL I
E CL ;V ALLE CE CC:1' 3 51,CCCN :ECLVAVLECF I C12441.CNPU I
E CLI VA LENCRE I(C 124 5 )I.YPU I

C.'CUTPUT$ - CCEPFICIEC,1S FOR Br~lY MOMENTS
ECUI VALENCE IC 11 206 1.CLp I
Eýu IRVA L NC E IC(C107I,Cpa I
EQUIVJALENCE JCIIZORICNR I
E CU IV A LENECE JCHOI 09)CL I
EQUIVALENCE IC1210I.0CM 3
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EQUIVALE~NCE £~k3C
EQUIVALENCE IC112171-COO I

EQUIVALEN~CE IC(1210).CNZ I

ECUIYAL~hCE 1C11231).Cocm 3

EQLIVAL.CEC ((13240 ),CLZ I

EQUIVALEN'CE~ tCfI2'L3.Ll.JI I

EQUIVALENCE IC1124713CMP I

EQUVALENE 4C1 L24e),0P I

EQUIVALENCE IC.112493,CLA I

C*..cuIUTS - COEFFICIENTS FOR SURFACE EFFECTS. ANO TOTAL EFFECTS

FCLIVALENCE I C ( L204 ) Cy I
EQUIVALEN~CE lClII20"3Cl
EQUIVALEN.CE l(3120'4h.CL 3
EQUIVALENCE 4CIL2101.CM
ECUIdALUt:C tC(3IZli'C'3
EtCU3IVALICE IC( I?19).CIQ
EUIVAtf%CE 10112ZO),CER I

ECI.;EL~EhCF I(C112?flCMDCP 3

ECUtvALE1%CE I(C12123,(,Y4 I

ECUIVALENCE 3CL22 4 ICYQ I

ECJ IVALPNCE 3CII12253,CLCRP I
EQUIVALENCE (IM201),CN I

ECUIVALECE ICI 122 7 ,CLC I
EQUIVALENCE (CI ?22E3.CLMP I
fCuIVAtthCE (CI12291,CLNF I
[Culv~lENCE IC11237,.BCL I

ECU!VALfhCF (C11233).BCU4 I

ECUIVALENCE IC11234i.3acN I
EQUIVALENCE 3(3 12W0.CtP I

ECUIVALEhCE ICII2511.CYP

C IPIPUT VARIABLE XINTER IS TEl- INTERPOLATION CONTIROL

C LESS Tý-fth LFRU - STPIAIW-F LINE INTIERPOLATIONI

C POSITIvE - PARABOLIC I-IfEIRCLA1ION , wItH END INTERVAL

C INTERI'CLATICON t0. To 1.3
C ~0.0 - STRAIMPT LINE

C 1.0 - FULL FASAABULIC.
C

IF (T.LE.CERI UTIPME. 0.
IF IT-uII-E .LE. 0.3 RETURN

C
C. KULVI PIE APXLE F0TPmUi-t ANC ABSOLUTE VALUES OF ANGL6 Of ATTACK

USPF(I - SINC3epl-IPI
uCpý'j (csrfqtl3p)
USZPP-I $INC 1 2. 8 PI-IP I

USP * US20"I ..

US46FHII 5LNC ( 4. * API-IF I

lIVieB~( EL9PIy .GT.2 3. IALPIY-ASIGNI 20.,BALPHAYI

UALPPA *ABSiBALFI -
UALFHY *ABSIBALPl-YI

C**CALCULATLC-N OF eOCY FCRCE OCEFFICIENTS

CXO-CCCIRZ3 vDACI..CXCA.CIOF ,NCXO.XINTER.INmCCRI
CALL AeL 2 3A.LPI-0I. V!4AC1,CXA,GXF,NICX, XIN ERSHCXC ,CxIC

API LCLhWEQ.2)CALLrCUFt2
IF ILCON V. U. 2Cj2000I.C( 200I1
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CA LL 7 'L A fB1P pV'N.CJ¾MACFNCN:, xNTER,3HCN..,C NPTc n
CALL 7 VL2 18L : AHC -CCF..DN NE .HO N

CALL TAEL2 tUALPP-PVmAcV-iN.CY2A.AC'QF NC y .XINTe R.3 C* C2

C

CYL.C V!COCLCN*LSZFI2
CN u CN2.US4 1-

C
C9.CALCUI.ATICh CF eGYRPACEf% CO3FFICIENTS

CALL TAFLZ :3ALPP-P.5~' VWACH L2 C2CLOA X;CTER )CL2,!! .3-CZCLQ)
CALLL TALEL IALPIP,: -: )A:VCIf.ZOUJFNC L : I I'TE P: 11 3 HCLR3cI

CA1.T 0. A LP:P V"A -, C CPCAC .,Cp I elI T.3H CPOC.CM01 9
CALL TAL l~L 9 P,'. "I,.MALCNPUXTF3,CI .CI
CALL TIA1L 2 d l3lP -' P .vALCHC!AC-F *N E It , kH 3LY.cCYR
CALL rAL2 L IA P P , L.MC ,¾j IC14 2 OFN c'; 2 X 1,* ,I R31-C, 2 , C 42
CALL T t L2 ID leL PI.p,?'NVYA C LlPc~A.CF ,'ICLP .AItER ,3 ',lCLOP CI RP
CALL TA1E2L 2 iULP .:1.O.V MAC..PA ,CMQl .NLcDjINrTER: ,3::( Q:0CNO
CALL TADLLU lELVIPY LV ACI1,CLQA CLOF4ýMX -N LIdEll,3IMNRLNRL

C

IC I. C-0 CLO 4 2 I

aCAR 1 0 .:R LC IR S FIIF4JI

(tLL TAL"PI 8AP LI tPA I.VN ACHOI CIPN%.,IUFNZ; I ADMICRC

I. ,A * (I
CAY I T* L C I AL e r ,RIA

CL, *lý CL *A ,C LEAf 
,1 0 1.

ClALL T C'-'LA .11C P 1 ,-kA1 lC

C

CARYR ADS CYvR O aMwt10ovhx

I, esICQ
ClA:A-'(84



CV4cYP4UCPNI.-CZP*uIpýI.
El 4 -CZP.'JCPH3-CYP.USPhl
EP CLMPPUCI'H3.C3NP.UJSPHI
CH 4 C3.IP.UCPHI-CLPP.IJ$PH1

C;*OAEMO FCOCE AND 0O'"ENT MODULE &GOV AXIS
sueRcu?3PNE x2
COppC,, C14310)

CooIkPVjT CAT&
ECUlVALWE~ IC( 33063,RFAR(AI
EQUIVALFNCE IC1130?).RFLGTl.;
EWI3YAL~h(E JIC(L3I33.ACELCG)
EQUJIVALENCE 3CI13131.RFgCG I
EQUIVALENCE ICIi33A3.AFVCG I
ECUIVAI.ENIC ICI3335),A$ICG I
(CUIVAL~t'CC fCI133),AtLL 3
E;U3VALENCE 4C113I13,RAIL 3
ECUIVALEPCE iC(Ib~j13 A.ARAV I
EQUIVALENCE IC(35O43.O9IN4 I

(CuI.VAL~hCE f(C0?)1 3.PCYNMC 3
fcu3VALWEC IC1C20?3,VAIRSP 3
El(JIVAL(ICE (C( 3501.811-T I
EQUIVALEN1CE ICI 3803.AANGO I
EQUIVALENCE IC11?O!3.C1 I
EQUIVALENCE :C:1205&3.Cy 3iElj3VALENCE IC(20 3CL I
EQ1,IVAI.ENCE ICfIZOAI.CL.P I
6.ji~kEcc .I (I iLuIICAQ~
E(U3V.LlEiCE (C( L?06).CNR 3
EWUIVALENCE IC( 120q )CL I
ECLIVALENc~ KiIL21O3,CM I
ECULVALE'NCE tV1121t),CN 3
EQUI'VALENCE K11i2361,0-1 I
ErUIVALEh.Ct Kf1237),C1-2 )
EýUIVALENCE JCjjZ38),Ch3 I
lI.ULVALEN.CE ICIMS3).Ct4 I
EQUIVA&LEN.CE ICE LAI 3 .Fti-X I
M;ILVALENCE IC4 l'L2l.F~IY )
EQUIVALECE 4L(,(413).FTI'-l I
ECUIV:LEKCE EC:1j427::AkmCGS I
(CU I V LENCL 6Z~bOI.NA S I
ECUIVA(ENCE IC4I?Z!).CFAZ3 3
EQUJIVALENCE ICII?3SS.CFA)3 I
ECUIVAU'NCE 3CI17391.,bP 1
FCUIWAL(NCE ICEI1743)3.w I
ECUIV*L14CE ICI1.1747UR 3
ECU I VALtNCE I C , 749 _.I'yV
EQUIVALENCE ICiL15OI.FM3L

C040THER (tIPUl'S
EQUIVALENCE IC(1300),FXBA I
(CUtYAL~CEEC ICI11013.FYOA I
ECuIYALEI.CE iC3II3Q2.Fl8A L
EQUIVALENCE lICIIoIO3FUXBA I
EQU.IVALENCE ICII3flA3.FHY6A I
EQUIVALENCE ICttl053.PPlB&a I

GIruIVAL eNCE I C It3041F)4kIi I
IGAJ3IVALEIICf 6C( t310,FPII2 I
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fCUIVALehCE IC(13L?.FI"
CCU IVAL 6CN 4C( e OI.cMA1412

(QUtVAL C NC lCtIl2Il,F ,Y1TH
CCU I VAL fNCE OCIII22 ), F0 H I

ECU IVAL , CE I(CI1324I.F.4YLLGI

r ~ECU IVA LENC IC(1325).FMI~L~UG

C"FCRCE VEUCf CCPIPUhENTS

tiJcs - pLv~mC.lF;,REA
*JS - WQ*ft , G "

5I ea.u CS Cl IFIH I

C F-va[RS M 01-t hO T ~ S

rP.E8.& ICL-NICLPlVAtRSP).RFLGTI..wP).UGSL
JIp eA ( CMl,LCHC/VhIRSP,):RFLGTI..uOI:UO$L.F ZBA.AOELCG
IP. 8A , * CRIC VA I RSP.RFL6T?- WA L.QSL-YFlA.AOfLCG

C
C*'MPOPtN( LAUSED BY TPRUS1' MISALtGNmNtN1'

FP * -F1'-Y.RFZCC f FIPI'LRFYCG

: YT _FrHY:4FCC F tHl:AF;CG
0,11h Ftb -~IAfYCC F t&HY t F CG

COOPOO'Ehti AN~C FORCES CUE 1O LUGS

I F I ATNCLE .RAIL-RLUGICUTOO

5'L'UG - 0:

F;Xl6G - 0.
FMYLUG - 0.
FMILUG . 0.

GO TO 7'.
70 IF IR 4 KC Lt.. RAIL) GO TO 12

FVLL.6 - -IFYCA f CP'ASS'A GRAV*CFA23 * IFD'ZBA * FMZTHZD.
rLC.0 At'ML/ it A* OM .L CG' RLCG/FMI I

F~lUG - -1~8 DPIASS;GRItAVECF 33 . (FMYHA + ~T(
A LCG.OMA5S/FMIYI/( i. * OMAss.RLCG ALGG/Fn Ifl

FIMXLUG - -IFPeX5A # F MXTHI
F('YLUG 4 FILUG-RLCG
FMZLUG - FYIUG.ALCC

72 CCLIKUE
FVLIG : -(FY:: * COASS::GRAV:CFA23I

F %- L" UAS S tAV CFA33I
L~xUG -*irxi. 3;*Fmx TMG

FMyyLUG *-:FwYYA ' * YN
FPILUG * (FrISbA . FMITP)

74 C C "T!IhU
C
Ce.TOTAL PCRCE APIO MOPEPNrS

8YA f Y:A : FYLVC
:110A F1 FA fitUG

ForleA f 5p EA - Fr.ETH , FPPXLUG
1Pt FPYEA * FPYTw # FI4YLUG

rpleA FPLE.A f FRITH # f M ILUG

COO CALCUL.ATE MINCE MCMIENT$
FPHI4 * CI-1.UJSt

86



FPZ CP2*UCSL
fPm3 - CI,3.-UCSL

F"-- CI41JOUSL

q ETURN
lEhc

COOINITIALIZATICN FOR ENGINiE P1001.1.1
SLJeacurihe A31
CoppCt. C14)101

ECUIVALEN.CE IC12S111.N I
ECUIYALENCE (C42562).lPL 3
C11499) *0.

9644f * ti4

ENC
COOENGtNE OCCULE

SUBROUTINE A)
COppei CI43I0)

C*OLCaK UP TAMu FOR TIPRU3W
c CCPPCh iNný-/NltH ItIARG#I-h /THP6JN/THF

C** INPUT CAth
EQUIVALENCE IC(14OI).RALPHT)
MtUVAL9,NCE AC11402118PI-IT I
ECUIVAL~hCE ICE E4OTI.CNhLGft)
(Gw:vtkfNCE dICE14041,PCFTH I
EQUJhALE?.C( 1C1405),Qouf4N I
EGLP3YALC,.CE IC(t4lNI.CI~p I
ECUIVsLEN'CE ICI L41IiICwr I
EQUIV*LE.rE ICll4L6E.owp I
EruIVALEPCE ICII4I?),R4CCrO I
ECUIWVtLENCE IC(1416)R.CEGF I
(CUIVALCKCE ICtINI9).FMIEO I
EQU!V't(,CE ICI 142OI.nUlyo I
fCUIYALthCE IC41421),RE.CGO I

c EQUIVALENCE (CI l627I.ACRAV I

ED& INPUTS FROM OTPEA P40CULES
(CUIVALENCE 1C11252).XINrCRI,

c EQUIVALENCE JCf2COCI,T I

CV& CiJIPUTS
ECUtVALEh(E IC(I3OBIRDELCEl
ECUEVALEhCE ICE 1401l.UC.p I
ECUIVALE&Ct ICrlNIOEPf.F)RST)
ECUIVALE6,CE ICIE 11.1 ,FHXI
fCUIVALEP'cE I10I4l?hPTI-Y I
ECUIWALEPYCE ICI ILt!),FTI I
ECUI'iAL~hCE ICEI 142).RLEG I
EQUIVALENCE OICI62sE.OE.ASS I
ECUIVALEhCE 1C1174$1,FPix I
ECU1VAL(hCF OIC(174q1,sFPiy I
141JIVALENC C( EILTSOI.pFmil

COeSITArE VARBIeLE9 ANC TPEIa CERIVATIVES
EQUIVALENCE iC1149Q61,UIlol I

c IUIVALENCE 
1

CI11993.uIRPl I

C IF IGSUAN.CVio., RETURm
FIMIRSI.CCOlp33T, VVA, ?MFRTI..X INTFR. AHFTNRSV3



FTHRST q ,FTh4STl1I. q PCFTO-l

10 US 1 A I C I: At P,?tI

F!N%.-Ftl4S1.US INA-SIN~l8FtZTl
JýTI,-fýT "RST *U~. NA.CCSCIB.'HI'l
Go TO 30

F T m I.,.

30 CCN1I(.UE

U C~ w UIMP/CISP

UPASS - CWT - 1UCWPI/AGRAV
ROELC~ t; RZ;CGO - ROLGO - ROGGFl.UOWP/ORP

foi FMIXC.ICWT - UOWIEP/CWY

M~Y F 9HIYU-IOT 0 - UOWPI/CloT

SEG F kIC~C. , REDELCIG
IF IFIHRST E11. 0.) RETUJRN

14Qilfi 46.1001 T

100 F D A I( t/ 14 V 84JRNCUT TIME..F3.4,SM SEC.)
CBURN-1.0

FT mY.I0.

RE iLR14

C* TRANSL.ATtCNAt DYNAVICS INITIALIZATION MODULE FOR 01
SUERCtTINE C11
C0I'pCh C430to
EC uIVA L NCE I C424......
Ec UIVALENCL IC(2562(.,IPL I
0l1, hS I Ch IPI. (100)

C
Cot INPUT DATA

EQUIVALENCE ICI 100).VwiEE I

ECUIVALElNCE ;C1 101).VAZ I
ECU IVALENCE ICI 204).V mACH I
(CUIVALENCE ICI 20081.RhZRo I

E(UIVAtihCf ICI 362I.CALPHAI
fCtIVlLENCEiC!371I,PANGrE)
EGuIVALENCElC(j752l,AP'-l0)
fCUlVhLEh(E !C( 35Ol ;.ED1A4G)
ECUIVALECE t(C 36EIBALPHY)
ECUIVALENCF 1C0 427),BTVTG I
ECUIVALE.(( iCl 431I.BiPSIG I
fCulVbLE'NCE IC(i4.O5ICCUAN )
ECUIIALENCE IC(16341.OPTARGI
E~tJIVALENCE (C11LAI,),BCIVE I
EQUIVALEN~CE iCIL667),FSLANTI
ECUlVAt.EbCE IC(17391..IP
ECUIVALENCE IC(LT'.!hhiQ I
ECUIVALENCE IC(L?471I.w I
EC,.VALENCE IC) 35021.aPTN2 I

Eh.UIVALENCE ICI305041APTN4 I
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C
Cos CIJI'UJ Ic POOUtE1

fcU EVAC L (CE :c: 370 01,1 1~CrjIV&LINCE C1615" ,x I I
EQUIVALENCE ,C('619I.Ryc 1
EQ~UIVALENCE IC(16231,Rzf I
FCU IVA LEN ICU( I.VX
ECUjI'dALNC, I C,_ 1600 7),. V T, If 1
EQUJIVALENCE (C11611).VIEI I
ECU I VA IECE IC t 16271,At,'RS II
I CI V A LfNC E EC( 1635I.RCtLX I
EQUIVALENCE ICf 1636).RDEII I
ECU IVALE1NCE tC( 163?E,RCELZ I
ECULVALENC~E(C 644),TAG

fQUI'vAELa8CE ICI 165 11 R TI I
(CuIvALE.NCF ICI 165 -I R IV I I
EQUIVALENCE IC11659I.RTZE I

IOU I VLEN(r lClIL~eI.RXD I

EGUIVALINCI1 tIC 1670.RZO I
EQUIVALE.Nt-CE :~ ?166IIGTMO I

JIcuIVALENCE EC(1754 8 PSIO I

C

C(16471NC(164SI
IPLlNI * 100
LP11 " 1 604

IPL IM#21 - Itos
IPEEN*3I - 161 a
lpg IqNN4 *k 1 616

JPLE11.1) 
1864

KpL(NelIE 1646

IPL IN 491 1652
1 PL I #1I0I * 1S6

IF I E,-T18I0.9, 10
10 ATA *G.A1EMRSr1MrARG,

C..CfiLCULATE P111116L pARAIKETER INITIAL CONDITIONS

8TP-lC:8%EfBLPI-

B1.pf-PstANT .COSIBEC lyE)
RANCE. SL'.ANTV

IY8.ASNT*5 INICAL8IPI4TI

RLE . 145LAPNI41INLECIVE)
20 PH4 1.11 opo 26

C1427).-I!ALPE"A

C161ki-GALPI-T

ustiEF - SINCEBTI.TOI
LCTEIT . CIS(tdTIHTO)
UCPSI . Cosolopsiol
USPSI - siD4ciaPsIOI
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SXA " -UCR33.UCmT*RXE # IJ3?hT.R~e
Ye . USPSIuRXe

c A'@A * -UCP1I.U$1'Hr.RXE - UCT3NT.RIC

24 VSCLNGO 3117.3 _-039-
V"T WMACI-.VSOJK

VP4EY W M"iTE*CSCl(8ALPI.A - 70
VXE'VWX(*VMWXY.COlSC(BALP~,Y

30 ACELX *aIxEsPRx
*GL ATVE-RyE

*X AXE
RYC - Rye
RIC . Ri
RE rLAt
Cho

COOTRANSLhrsCNAL CYNAPICt 8IOCLLE
sueRculIAE CL
CCOrCOi C143101

CC*41hPUT CATA
ECUIVAIecNE 3CI L421),RAIL
frU3VAs.~,CE IC1 I

6
2?
7
3AGRAV I

ECUIVAIENCE ICI 1828 3C.CP'SS
EQU IVALEN.CE MCI16293.AY,.RST3
frUXYVAENCE ICI 163~3,ATURNIgT
ECOJVALINCE IC3 16311,OCAuiy )EQUIVAL6PCE ICI J8aO),(IPXNO I

ECUIVALENCE tC( 1751 3.CRAO .
c ECLIXALENCE ICIIS 04).OPTN4 j

C4OGINIITS FRCp Cr5-(R .CCLLIES
EQUIVALENCtE IC( 3

71),RANGE
ECUIVhLF.%Cs ICI 380C,RANGO I
EQUIVALENCE ICI 300OOIFxBA
ECUIVAtLs.CE IC(33011.FyeA IECUIVAL~s.CE 'C(1302).FISA
ECU IVALINCE IChI16 ?j.RL 3
EUIVALEONCE IC( i7OJ3.CFAII I

ECUIVALENCE 'Cf1?OI,CFA123
ECUIVALENCE 'Cl 17111.CFA 13
ECUjIVALENCE (CII "1i5) CF A21 3
ECUIVALENCE IC( 1?1R3,CIA22 IECUIvALENCE IClk 1!2 3;CFAZ 23
ECUIVALeNCE IC(17271,CFA31 I
ECUIVALEhCE ICII?73 11.C FA?2 3
ECu IVAL ENCC I C1173S).CFA33 I

c CU IVALENC e IC ( coo 1.? I 3
CO*STATE VAOIAeLE OUfPUTS

fCUIVAkfPCE IC( 1600),VXED) I
EC.UIVALENCE ICI 1A031,VAE IECUIVALENCE 1

C
1
16083,VYEO3

ECUIVALEKCE ICII6O7).VyE
EQulVALEKCE lC( 1600),VIED IECUIVALENCE IC1I6113.Vlf )ECUIVALENCE #CfIAILIEXEO I
ECUIVALEhCE 4CIIOLRI.RXE I
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fcUIVALtNCf 4CtI1AIAI.Rpy(O I

fE.UIVAI?.C( 3CII61qI.RYE I
EOU1lvALEI4CE JC1 162 L )Rj ED I
tCUIVALEPNCE IC I I" hAlE

I CUIVALENE it4 AT A AG

Ecu VALENCE IC 1 1471 :VT . It

ECLýIAL EN(E ICIIA 72 I.81*001
fCuvAL~ttNCEtlOI675)GPSIT I

fCuIVA-LENCE ICl)S0V).FMTI(0
ECI VALENCE ICI 1644 ).'kTX E I
f.CUIVAI.ENCE lCtL62Ij,kTxE0 I

ECUI VALENCE ICII6521.RTYED 
1

eCuIVAIENCE ICI 16514.TLE0 I

lEcuIV ,L EN(.E l 16 59 1, At t E I

COOO714ES CLTPU?$
ECuIVALTNCf 1C4162.).AXBA
ECUIVALCNCE SC(16251,Albk
truIVALENCE ICI1k626I,AIEA
fCUIVALENCE £ClI6~32),VCEL.X I

*(LIVAiEThCE ICIL4632).VCEL.A I
E (LUIVAI.E NCE ICI 16VI,)VCEIZ I
ECUIVALENCE IC( 163S I rCELX I
ECUIVALEtCE ICIP14W .RCELY I

ECUIVALENCE ICIIE-171.TCELZ )
E qt, I v ALEtECE IL I 16301.VCLSNGI
ECUIVALENCE t~IcII6)3.vEE I

EOUIJVALEhICE ((I IAAI 4.TYE 1
ECUI4ALENCE I1l1oA2)VIME1
ECUIVALýENCe IC( 1663 ) .VGAS~~,Cyv -EN(E 1,: t .ý4 ).V i ld a
(CUIVAtENCE lCIIONSI.VOt8 1

EQUIVAkENCE IC11616).ANGX )

trUIVALENCE iC(16A17,ANGY I
ECUIVALENCE ICIL EA1,IANG1 I

C t 166 I AC 11646
C.AO lO AN0 1I~RUST FORCES 10 GET TOTAL A(M.EREATION IN4 800Y AXES

Axe A . fxA/AILASS
Aye A . FvIA/EMASS

A~h-FLAA/C?4A6S

C*081E$CLVE FMCI' PCCY To EAR11F AXES

A, E a COAII *,XaA.CFA2I*AYBAACFA31lAOtA
AYE 6 CFAI2 qIIBACFAZ2-AYBA-CFA 3?*AIOA
AZE - CFAII.AXaA.CFA23.AYBAO..F833-At8A

C
CooINTEGRATE ACCELERATIONS

VOID - AXE
vykC - AYE
WiEE Ale 4 AGRAV

C*f CATLCULATE TOTAL M'ISSILE ACCELERATION' IN BODY AXES

WOX6 . CFALLO'VXED * CFAL2.VYEO NCFA13-VEOI

Yo Ye - CXA2I.vJ(Ec f CFAZZ.VYEO CFA2)SVOEO

14108 . CNAII.VACC . CFAIZ*VYED 4 CFA3)*Vt(O

IF tAAPAAV.LILO.) GO TO 10
ANG1 - VOXS/AGRAV
LAhY - VCYG/AGRAV
LANGI VC16SAAGAAV
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CO-lwTECRATE VELOCITIES TO EARTS AXES PO5IyION

PIED - VIE
IF(I P'TARG)IO.4, 10

10 ATARG-ATý-RSTicmrARG
cc Tc C11

9ATARG-O.

EPS ITC. 0.
IF- (VTARG.GT.O.I BPS1TC- ATURNI.AGRtAV.CRAU/VTARG

ArSEL V TXE
RTSFIJ VIYE

VCELX VTXE-VXC
VCEtY V TYE-VYE
VCELI *vYZE-VIE

CEL~X - RTxe-AxE
RCELY - RIVE-RYE

VCLSNC. - (9CELX.VOELX.RtOLY.VOELY*ROELl.VOELL)/AANGE
RE TURN
INC

C.*ROthTIClNAL CYNOP41CS INITIALIZATION P40OULE 021EUL
SLBICUTI..I C21
CCOPCN Ct43101

C..INPUTS FROM PAIN PRCGRAMI
ECUIVALE.NCE IC(2561).N I
ECUIV41.ENCE IC(256Z1.IFL I

C..SIAtE VARIACLE CUTPUTS
ECUIVALENCE 4CII7OJI.CFAII I
I~uIV:L!.%C! ri707 .CFA12 I
EICUI4AL-Ct IC 7I:?flCVA3
E;IVUIALENCE PC I?75).CFAZI I
EWUIALESCE PC(I7lq),CFA22 I
EýU14ALC5dE IC( I72 ).CFA23 I
E~ks1AidsCE IC1I721).CPK&31 I
EýUIVALPfCE IC(1731f.CFI)2 I
EILUIVALEtICE tC11735).CFA33 I

ColCTt-Ep C~ruEDI'
C' 'NC NE

C*II~tCALC,-'-*TIC4 Cf EULCL .5N54. MATRIX OF DIRECTION COSINES 4CFAI

USPHI . SINClT1FP7I)
EJCFPI -t COSC IB f I- O)
USTP.t - stiNCOEIIQI

bSFSI - CsIcJtiBSIO)

CFAII - LUCPSI-JCTIPT
CFAI? - USFPS I -U C TNT

CFi -uSflHE
CFAZI - -USPSI.UC(PI.IUCPSI.USTP-T.USPHI'

(F * u,'vSl-U(PNI*USPSI.USTmNE.SPHI

CFAIL - tLCPSI.USTkT.UCPPIUS9SI.USPHI
(EFA2 - USPSI.USTIt.UCPlNI-lLCPSI.USPHI
CFA33 - UCTVT-TUCPNi
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CeIT AR~AI'Ak LIST A IPL I FORtwU~~u .N

ItLtI% " 1700

IPLI?.-2) - 1708
P040 1 712

I PL IN-d i 1716
IPLIH.5) . 1720

1 P~ih.61 - 1124

IPLIN. 7 .1 - 1,728
IPI.IN*81 1132
I PLtN.q I 173
]j~p-.10') 1740

I pi, IP4 11 1744

Cee RESET ANCUIkAR RATE OataViTIVIES 70 16RO.

CI1700) * 0.
C4 1104) 6 0.

*uou 0.f
CI 1712) 0.
C(17161 *0.

Ct 1720) 1 0.

C( L1241 0.
Cl 1728) 1 0.

C117321 0.
ct11116) *0.
C( 17401 0.
Ct L7441 *0.
ftE TURNI

C4 11ttATIC'NAL CYNAqIC$ PODU.JI

CCp~Ch 01,3101

Cs.OAiTA Ikpu
T
S

EriVALNCE ICt12)R~

E~uIV~kltlE GC(ij%8hPFMIX I

*~I'J~A0.7'C( djl7l49I.$fl' I

fUtY~1EAL(KCE ICtI 170.11$Nz 1
ECUIYAILNCE IC L751),CRAk I

ErkU1vAt~hlE IC( 3SO3),SPfN3)

frUvlvtEICE ,ICl504).CIPfN4 I

C.*hVT ACI Clt?-Ej 140C),ES

EQUIVAL~hC[ IC( 1801,RAN)G0

(tkjjv1LEkCE IC( 13031,F-OaA I

(CUIVALENCE 4C) 13o4d.Fly8' I

I(.UIY&1fNCE ICCI335),rMfeA I

(QUIVALVeCE I t108),RCELCG)

C*Ihp)JI$ FW~CP P'&I1 PROGRAM
C.&SIAlt VARIABL-E CUIPUJTi

Eti1lvALE.\CE gCchhLO!).CFALL I
ECUIVALEh.CE IC17041.CFA12CI

EQUIVALENCE 4('41707 ",C Alz )

[CULVALENE IC101,1I.CfAI3CI

Eru1vA)AkNCE gCý1716).CFA22CJ
EQUIVALENCE IC1171,9I.CF

2 2 
I
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EQUIVALENCE K4II7201C620

EUVALEC (CI 721 lCFAI1C
ECUIVALENCE IC(I724*CFA3I 3
eCU I VALENCE 1(1 I7ZR¼CFA32C
EQUIVALENCE IC 1l7l 11hCFAI 2C,
RCUIVALEN"CE I(CI I?32).CFA33GI

EcUI VALENICE I CI I.WP01

Ecu I VAL ESC (6 CI MTSTIWP I
Ec UIVYALENCE I C 11401.WCC 1
rCu I VALENCE (C1L7431.WQ I
E QU IVALECE ICIITAAJ,NRO I
rEQU IVAlEkCE ICdIT4lI.WR I

CR'INTEGRATE ReCY ANGULAR RATES
WPC CRAG.-FwIoA/VMItX

55 WQ0 - CRADSFMVCA.IFRIZ-FPMIXI.WP.WRt/CRAO)IFMIV
65 WAG ICRAO.FMZEA.1E141X-FMIYI.WPOWOICREODI/FNIZ

£
CESINTEGRATE ATIITuOE DIRECTION COSINES

'49 CeAlIr. ICFAZL-.1-CFA3I*WQI/CRAC
CFAI2C-ICFAZZ.WR-CFAI2*..Ql/CRAC
CFA! 3C.(CFLZ3-WR-CFAj33WQ~iCRAC
CFA210 4 CEA11.WP-CFAIl-wRI/CRAD
CFA22C - (CFA3Z.WP-CFAI2'wEI/CAAD
CEA23C - (CFAJSfoP-CFA13.wREI/CRAO
CFA31C - ICFAII.WQ-CFAZL.WP )/CHAO
CFA320 . ICFAI2.wQ-CFAZ2.wPI/CRA0
CFt33C A ICFAI3SRQ]-CFA23*WPI/CRAO
RE TURN
.ND

C BASIC INPUt suuROUTINe ownPY
SUERCUT lEE tH.Nft
COPPER. Cr4310!
ECUIVALE.NCEICI 2800 1.8)
EC.uIVALENCE irA 4310 ).KK)
EQUIVALENCE ICEI3ZIR).CNAREII. ICI)ZBR).CNAMEZI, IC I33181.ONAlE3I .
CICEIJ32RI.ONAP.E4, ICI2JEII,NOMCO 1. (CIZ362I.NCONO I.

c ECI 3440I1NORKI.QN1. (C(344II.R40NdlNJ, IC1I1AT).NCUIJI I,
c ICIEI368)UT.OEK I. 1C12461),N;CSU0 3. ICI2AAZ1IsuaNO I.
c ICC(ZASS).IR I. 1C(125?htvR I. ICIIIIRI.NOSTATI.
C 1C1 33381),LCSIATI1. ICI334C(,.SIArNOI. ICI3CANI.%tLISTI.
C ICE 30611,LISIR.CI, ICI3IITI,VALLE I, (CIA2'Oll.PtOTNC).
C £C(20091.NCPL.OT). ICI2IŽS).VLA$ýLE:. IC.Ra
EQUIVALENCE CC( L98'4),NPLOE I
ICUIVALENCE ICE(19E5).OUTPLTI
C~kueLE PRECISION ALPHA
CIPERS [C0. ONA-E)II O)ONAME4I 101
CIVEkSICN LIST'IC!5C), VAtutli01
CIYENSICN SuC~vUi9q). 1R123,VRI2I
DIPRNSICN RNcC 5CISC
CIPENSICN 8(1001
DIPENSICN ALPWAI 3).0NANE11503.ONANE2I501.O0tNtOISO) *NOONOI9QI
OIPENSICN K143101
CIPINSICN STATNO (100)

O~mENS ICR VLA!ILEI2.15)
QIPENSICN QUEPLTIISI
REAL PCCNO
If-TEGER OUTNO
INTEGER ENOPNO
InTEGER CUTTRIT
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IS KK .O
16 CCPktINUE

JAR 0
b'DIT;16.3U)

31 fLPWAf4jIFI'1LPPU1 CATAfl,

mt;re(.3OJ['( I. AL P-AlI I .ALPHA 12)ALP14AI 3 11 R 12).VFtfI VA 12
310 IF2CPKA'IIZ3A6,IS5x ,21ils 71

2 FCRlOAT ,?:.A6:"5:SX:Z e 15 9;
7 IFI I R I,, .NE. I PG 0 1 3

lc SUB . hm GuO a I
SheC(cSUaI IR1423

" I KK. 35LO
CfKLI-Ip(ZI

KR*XKK.2

IC ICG I
11 1 1, IRII) FlE. 2 1 Go TO 4

NCPCG . ho-Kc a I

I.*35H1
CI1.12)

G C FC L4 IMFIIRi tifik 31 GO TO 5
L . 10162)
c I LI v Rill3
KI. KR * 35

K:K!-j.1 IRI2)
K . K2
IF ('1642 t.I.n ),GO to I0

kc I rT- ( ,C I II L

4CCL? * NCLM.T) * it
rF (KCJTCO +C TO 1.

RI '1K3L1
AI KI r 1L P16-AC I )

F K I * J *32:R67 *0OCUT

cc I cS I31 *OU
5R 1 R F '6I N.4COT

.CCI TO CC-
6IF (16(1)' GE if) cc TO 1I

(IF IVNCCII IR121)COTOI

F:;AK.395



LCS1A1 LO:TA?
11 P.Cs? T * .05 C Y I

CSTA3IT "C 1,CTATI.At lA2l

CPEAP(hPcS7Af).ALPl-Al31
cc T C I

I$ IF I I ILIeI CI 10GT 19

I F 4iKPLc(Tll.G1.S CC TO I

20 VI.±IILE II .LOIALPIIAtj*1I
CUIFLTINP, 01I.IR21
cc TO C.

19 CGINPUE

K 14 30 9 1 -NCCU
"I 4 3C~ , IC
R14307 l.hL Isr
KI' 406 N.' C ;A j

K( 414 ):.(C,;AY

KI'. Q3TI NPtCT

IF I R, e) O JRIEtURMI

AIIC N( *1 jo .AOME. COBT

K3 I £5 . 2,II) 4 '.1 6A

RI.KARISI

12 2 iý2.6.GCYI

ItCf K 6C,. .*J CYK uyoOO

ICNTCE IPr
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C I EPISICN OurPtTI l5i
ITCS! E* 0C 1.0
PC" I 11-0.0C00QQ
P P.-, I P 041

FC INOIr4A/

I 104?OCU .4. Y4 CO /0 To2
WAit I . c IC I C.0l I'LI.CI 1421.01 I 3,1 63.C I41.CI I .5).C 11 *e1.1*1 .35
.1C. 7!

6 F ~ATIkI/IP*If 5,IP17E(i5 .?I)I
C

I C I ! *- 1 
j(P 

L )
6.CLIPL IIJI

30 (VA44'(~ I ,Ji *.CIK I

Be IS45 C
C CulPur SIJACk'T!NE CUP?')

I( flec~,tr I .1ICISINIINa1 r , ICl4:1 P, ;:NtI
1 (C20141.T C' I. tC IIŽCCS,VCS 1, 1 (g 11j751,EPP I.
I liIZCCCI,1 3. 1(C IZVN),OER 1, IClC),ý).T.PE 3.

C 1u(20Ž5l.raPENoni I(Zc(CS).PLCINC). IC42ý09i.NLi'LC
E C 10120051,PPP I, actlZCOA4.P PN7 1, IC I22$- 51.T11E I.
C #iL 202Ž 2,CPC IN? I

F r\I ýCNP .jrTd)( 5C.I.0NAME1150).IINAmE2isCi

tE'.IN CLisiPC "5C153 N
IN E It TCIPCNI.uO

IN! Prýt ((d '

IF IlTnT. CT. e) l.U TO I

C
A I T 1I1.6 1 I. CtI I, C I IP I1.04 14 21.1 C .10 I I .4 ,1 C1 *5. CI I 1'41 ,I.1 )35

6 1 , 7 Ia
6FC25'lttIL, IS,171.J

7 1; 1P E. Cp41) Go to a

20 FG;PAI I I b .51 TtI vF14 . 7, 2X,10 sIE P S IIE Ip t 19.7)1
S 1 It .1,T. F0-i! 1001015

PCN 14 * ION? - 'PP
IF POCK!. NE, Co IllI h ŽTE-, 21 0; ' I )0AmI2(I , 1-k.'.OOUT)

a FCp'.±' 1 H.34.4FýT I"FS,5tI74.266I//I20?.A6.2A6,fl267X.2h6,tI.

3 IIICCNhI C0f. 6LI CC 10 1
CC 4' I 1~ Cu

11.11( 46.5 71 .811I). I 4, 1.4.0001
SFCl I///.414.7.IP5F19.71(I4X.IP5(I9.7))
pU'Ch? * POCCK * 010'. .4

13 IFI I1.Lt.ppmP.C; .NOPLO!.EC.C 14lik1TUR
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13 WRITE 4h.1 "
14 FCAIPA1 (I/i IF. INIARhN~lG-PL01KKING ARRAY FILLED-OhLY FIRST 309 P

16 CPCINl.KFUtNT
1!.'F ICPCII).?ql
cc 10 J1,.NC , 1 aT
p -C U! ilL T I i)I

0CF-Ch (P1C (310 1.NAO

NU IV& Li ?NE (C1202!110OPOINTI

(EUIVA Lt CL (C42361).N00U 1
E c L IVA L C E I C1 '340:1 *NNGLUIS I
E ýLI VA L KCE I C 131 67 1,C CU 0
c u I AL'ýhLE I C 33!M.LL STA1 II

IkE u IW0II CP NIhTl

N c "A 1 0

heti 0

S00

K~cI r.0* 0

sueprUT INK SUBLI
Clo'cN I'll3103
(cuIVA-I4C6 IC1,46iI)OCSUB 1. (CM2621.SuaNo I

c I F N S;N SUeNC499)
cC1c I I 1, Nosue
J *sudhCKKII

C-C IC I ". 2i 3. 4, .S. 6,. 8. 9 1, J3
2 C ALL191

3 ALL OUPTI

4CALL STC1l
cc TO I

5 CALL LUTqu

S CALL ANCHI
cc ICU II

I CALL A UXCI

I CtCK II UE
RE Ij UP
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SU OCUrINE 1UGL2
cl''PGP. C14110)
EQC IVAL FhCE I C 1261 64Ous 3. 4C424023.SUIP.O
Of, 6 s I'tl 6U , CI1991
C C I I * I1, 4 0OSIus

CC o10 1 . 26 3. 14. S. 4. 7. S. 9 1. J
2 (ILL I % PT2

GCC To 1
3 C A LU CUPT2

GO to I
C CALL. SEG12
61 TO I

5 CA LL ChTRZ

6 CALL RSCP2
GO TO 1

7 CALL. AUXAZ

a CALL AUX02
CC TO I

9 CALL AUXC2
1 CCP.TINt.E

RE TURN

su~e -CUT U, SUBLI
COR-CN C14110)
f"UIVALENCE IC(24611.NCSUB 3. &C12'.62).$I.ARNO I

CC I I - . RO$IJR

CC rO It. 2. 3. 4, 5. 6, 4, 8, 9 3.J
2 CALL IAkFr3

CC to I
3 CALL DUFL)

CC, TO I
4 CALL S L,13

CC TO I

I CALL CI.TR3

GC TO 1
6 CALL RNCP13

GC TC 1
7 CALL AUXA3
"CG IC I

8 CALL AUX03

CC TO1
9 CALL AUXC3
I CENTI'AUE

ENO

COARICN C14510)
1CUIVALFtiCEI CI20III.KSIEP1 I. C12O201,LCONV I, C120211,XCONW

KSTEP I
RE TUAN
ENO
SIJIACUTINR STCGE3

(QUIvALERCE AC420003..1 1. ICIZOOI3,TF 1. tCI20O3),PCNT
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ECUIVALENCE C1C2010IOI.1TP 2.E4011:.KS1EP I. :C:Z2020: CCNV
EcIV A LCE JC I20ZI).KCcN" cc I. LCi16, 1: tC 1662 :H 'INI
CCU Iv L hCt E C( 26611). .- AX 1. 4CIZ'6.4)0eR . I(C I2S1 ~. E L I
ECLIvA.t\CE iCt 23l65 1 1E) 1. IC 121;6 5 VAR I
CCL~vA~ I -s cc4 I Ifll?.K A& fi I C(19t').#.j I, IC I197S) MPT I
C ~"I -SIch CEr,4 10 11 VA AR) I~l to ELI 100t
CIFE'SIC% ElII 00I,CIAhPI`-(2.2)

CA LL CA

IF lAPSI 1T;FL) .LE 0.01 1 Go 10 20
I F C I T-t I &t. 0.1 '(1 To 10
IP6 IL~cCV .EC. 2) (C to 20
IF I 'CCPV .0.C I) IC toI 10

RE IbRN
10 1 F I CEA1ij.GI0 )LER1-OERII)OO.S

. (C -NV * RCOAV * I
IFIKLCN'V rf . 10) ED TO 20

20 PCPNJ 10
C Cu.- f ICRftILOCIX)).L0r4X4II
C 'IT 16.30 1 4
C 30 1 Cý'l a8.0 5 1A~ INITIALIZERS. X3 AND .AR2F1O

IIS; EP it 11.GOTD 4.0

VER I il 0.

"NP 1 .0

DEM FRECeR
40 CALL. LUPT3

RE TuAN
END
S -apC..r INE AF)RAIAUXSUB)

C.IINGLE )'ýECLSI04 VEASICFI. INDEPENDENT VARIABLE IN DOUBJLE PRECISION
CO""YCN I431I.~CRAPI.

C rL*L-I' PRECISION Cf~t.tllt
C CCUCLE PRECISION NEWC1200$,NEWP)120C1).OL04200j

CELPLE PRECISION. CE0 1?,PE
CcLeLE PRECI&ION NEWC1200),NMP4F200),OLO(2001

C IYEN.STIENCl (1 to IELI ICO I fEUI 100

C YIENS ICNNwP12 200),C1042;001.NEWI.C20O)
f: U:V OL ttNE I C ; Zbb 2 MIN 2I h )C2o) ::h"AX :: :CI2664).O
Erj v L1'%C( EC T6S;.EI. I. 'C"ZvhU I I(95
ECGIYIALENCE ICI))t1I.RIVE 1. IJI.N)l
t£UIVALENCE ICE197!),KA6E I. ICI19?41.PlJ 1, 4C119751.NPI 1
CATS KCuKTs/a/
CA tA P IF2,PI, P4/2.291Re667.?.4SR313)33,1.541l6&?,0.3?SI
DATA CO .C).r4/0.79 [e66?.0.20863)3.1j0.4t64A?/
IFIKA5E.GT.OIGQ 40 20
hi .PKJ
.32 *.11 RN
J3 J2 N t
J4 *l ,Nt

.J7 J6 . h
is J?.NI
.19 *Jflo-NI
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C.NPT.I,.O h:AMS-MOILULVO IN PtECRAIION MODE
C-4P T. E~. rU, E- UtTA I TEGRATION MOCE
E.NPT.EC.2 PEEGIN0I NG A C AMS-PFCU L 10N Ht? ALNGE-KUTIA START

20 IFr fPI.Ec .IM TO 40
,FlhPT.E .2)GO TO030
IF;SNGLlOEI.I);NE.IO.5CI 11 )IGO TO 30
1 CIKI2L-.TLT. 3)GO IC 40

30 KC u %T . 0
f, P I .0

C.STIRT R L Gf-xurT& INTECRAT ION

40 0CC I0 I.It

50 Cc~iu
TýE.ViI II
KC , T .KCuNToI

cc60 diI.CIi.FAIII

C CCIPULTE K2
OELT-,O.S.C(If

CC 70 Iq1.p~
I~lftNT.KE.2)Gfl TC b5

h e p, I IJ.1WPIT V.0.5.011111

TO CO1i.1

so NE.CItI I:C It)CI1
C ccMPAII X3

cc ; D 1 '!4
hi Fi.i~rIdPCII .0.5.INEICI I -010111k

90 v I I.-II %f. EPII1
CALL 6 t t U

Cc 1ý0 I-I.NL

C COPPLTE 94
*TFErT 4CELT

V I ? I

110 vi 1 *1 1 *NEP~CI')
CALL. A'!Isua
cc 1 20 V.L.NI1

120 T(K3V.CII I.CI I-0
C COMPUTE VALUE Of f-UNCTION

cc 13U I1,Nlh
92-J7 .1

XILLCI 1) WIINII4~1124TK11K1
110 V 1I RIJýI.NEMP, I
1410 CAL, 'U.SU.

00 LSO 0 *.111
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Ko:T I-

T I x33"I
TKI. * J6*

TIK 93i-I

150 1111-Ct 1.1)

C AOAPS- " CULTCN INTEGRATION.
200 KCUN~I.ICL, I ,I

DELt-0.5.CI I)

I C 2 10 31.91pi11L .J2. I
IQ . J3. I

C Cal-PVtiI Y-POECICtE0
CLC (II.19

TYE0 E1. *C I I I)

v II re
CLL~ AUXILB
1(5.0
CC 250 1-1,41l
K2-jz~ 

I

C L;UPVU19 V-_C-RtL1It
IE.CII).CI.OIII.CI&I*IPR.CtI,114C2.I(l2-C3.I(x414C4.ICKZI)

0,h-MI ýtI.IAX)GO TO 250
.I~p9AesI~c~lNwCIIIN4P I

FITEF LT E(~II TuI IC 24J'0
1 q 17 1 Ll .OIGO 10 230

WI[71168.2ŽjIlSPTI9'E.TFPP
220 fC

9
927Il,-I ,14HSTAtE VARIABLE.13.26N EXIIEEOO TOLERANCE ERROR4

230 IFIAxIS 5 L4CTL.1 TI) O '027
240 l~1EvVC..L;.ELt 1I K 19.51
2 50 LcchI'NIC

11,19 S.I.LICoO 02901TI5C F l..t I l. CT.HMAI4311 TO 290
C SET-Up F 96 ccURL INC STEp SIZE

rI(Kcu% .I.LE.6GC TC 290
cc 2) 6 11;6L

K2 .J2 *It
K3 .J3*

T I I 1-(I111191) .1I I31
260 1192)-TL&5)

SI I I-CI)01

CELI*0.5*cli I
CC TO '1 0

c SIT-UP FOR I-AI.VIIIG STEP SIZE
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ol -GCill

DELI-0.S6
0
( I

ICC 280 I~.hdl
. .it:

lo J? , I

pII* g ICI.CI LI

280 T7v~l)-1. Kl)fO.ST 5 IT)-1~

, C 10 200

C *IPITECQATICN lS.FINMIE~C. SET UP DOR1VA"IvES AID EXIT.

290 cc )00 1*L.-NI

100 V1I411-sEiC1t,
CC c I 2 140

c 8REU~k TO IRC Pit C8CINC POlell ANdO RESTART RK

310 DC 32G I1, "I

N1tI I .t(I

CALL AUX&UB
ccTO 30

SCPCUTINE AUXI

8(LIVALIICE 1 C123611.N0O"O 
1, ICI232I.X"0O'4OT. ICIZSACI.N

0IV1ISICII XPOCNCIVVI

c .I1.hoo

I 24625.26.27.28,29.30. 3 1 .3 2 ,3 3. 3t9 35,36.37).

2 TALL All
cc 10 1

3 1.3CC A21
(C c To

4 CALL. A31
GO To I

5 CALL &41
cc TO L

6 CALL LI1
GC to 1

7 CALLI (11
CC TV I

8 CALL C.21
CIC To I.

9 CALL 031
CCr 10 I

10 CALL C41
cc To I

11 CALL C51
60 TO I

12 CALL. C61
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cc To 1
1 4 C ALL C ? I

Cc TO I
14 CALL C91

115 CALL Ce1

GC Tc I
16 CALL ClOI

GC TC I
17 CALL Cil

CC TC I
I0 CALL 021

cc TO I19 CALL C31
CC 1C I

20 CALL C41
CC TO 1

21 CALL CST
cC TO 1

22 CALL GIl
GC TO 1

23 CALL G2I
GC TC 1

24 CALL G31
CC to L

25 CALL G43
C ro 1

26 CALL GC!
cc T0 1

27 CALL C61
cc Te 1

?A coki. S i
CC TC I

29 CALL S21
GC TO I

30 CALL S1t
GC TC I

31 CALL S41
Cc TC 1

32 CALL $51
CC TO L

33 CALL S61
CC IC 1

34 CALL $71
GC 10 L

35 CALL $83
GC 10 1

36 CALL S91
Gel TO 1

37 CALL S1Oi
I CcLt,?1Ue

RETURN
880
SUBIRCUT IRE A1XSU8
COPOCN C 14310)
EQUIVALENCE (C(2000,.T I- (Cf2361)UNO.O I. (Ci236I2l,XMCOND
ECUIVALE.•r.EN IC25611,4 I. IC(2S62),,PL 1, 1C(266A3, DER I
;CUIVALPICE IC(2965).VAA I

ECUIVALENCE IC(202C).LCONVI
OIPE, SICN CERI 1011 W VARI101) * IPLIIO0)
D|PJEhS3CF4 XMOCNO199)
CO 50 * 2. N
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iI

L

.1 * IPLjI-1I
SO Clj,}j VORfI)

cc 'c

IF (LCC•V.(Q.2|AETuRN

GC TC IT7
2 CALL A)

Cc IC I
3 CALL A2

CC 10 1
6 CALL A)

cc To I
I CALL A'

cc to I

6 CAlL £5
CC TO 1

- CALL C3
CC O 1

1 CALL CA
CC TO I

I C(ALL CS
GC TO I

10 CALL C6

cc to I
11 CALL C?

GG tO I
14 CALL C6

c C T1
15 CALL C9

CC to I

1i CALL CI
cC TC 1

15 CALL C9
cc TO 1

l1 CALL CZO
cc 1C 1

19 CALL CI

cc To 1
20 CALL 04

CC IC I

21 CALL CS
cc to I

19 CALL CI
CC TO 1

20 CALL G2
cc TO I

21 CALL CS
CC TO I

22 CALL CA
cc TO I

23 CALL G2
CC To 1

24 CALL G3
Go TO I

28 CALL St
CC TO I

26 CALL G1
CC TO I

27 CALL G6
CO 10 1

28 CALL SI
GO TO I
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29 CALL $2
Gc 0 o 1

30 CALL S3
G C Ti 4

I1 CALL S4
fO TO I

32 CALL SS

33 CALL S?
GO TO t

35 CALL S8
GC TO 1

35 CALL 59
CC TO 1

37 CALL 590

I CCtT1 u E

60OE (~ I ) .4 C N

RE TU-RN
INC
SuYet'I,TINE RESEI

CCP P'C.% C .631(I
ECU"A I K C E I C 14)10).KK) ).C.K.I
ECLIVAL ENCE (Cf 

2
06 8).NOLIITI. 1C43067).LISINnl.I, C43117).WALUE I

Ecu IVALECEICC(?qo00 , ,N ORNOM.WC 134411 RN004NO)
FctUI vA LNC f I t 2 io0',0).1
C I PEN sCN K(43101

C 1Pl. .hs Ch IT NIo I So c 1'50 1
rclPIh u Al 81no1
011CN$ ICN RhCNENN(01

33 31 CU .C. 50
33C I I. 1c. I0

OL 3.3 ~5I0,.JC Z
9) Z361i:K I' 3081

K1 3 01 KI 4307 1
(3316?~l-K(4306)

K (i 3382 1 -K', 305 )
K I 33 1')-K (42041
XI 1984 I.K(43031
KI 34SO 'K4302)
RI 201t2 1 2t010)

RE ILNI.
END0

C OUPPY SUERCUTINE
sueACUJIKE CUPHY

C ENT Y Al
C ENTRY A1?
C ENETRY 2l

ENTRY A 21
C ENTRY A 3
C ENTRY AM1

chTRY A4
ENT Y A41
ENT aY A5
ENTRY A51
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C. ETRY clt
Em NTRY C I
ENPTRaY £ 2
ENPTRaY £21

ENTRY C4I
ENTR Y £41

ENTRY CEs
ENTRY CS5
ENTR Y 6S

ETR Y £61
ENTR Y Cl
ENTRY £81
ENPTRY Ci8
E-N TRaY CRa
ENTR Y C9
ENTQY (3 1
Ur-TRAY £1 0
ENTR Y Cl111

ENTR Y ClI
c EN TRY CýII

C ENPT RY £2
ENFTRY £2 1

ENTRY Cl

ENTY £4(
ENTRAY CAL
ENTIRY CAI
ENTR, Y £51
fNTIRY CS1

PNTR Y C I
ENhTIRY CZI

ENTRY £21
C ENPTR0Y CR3

ENTRY C31
C ENTR Y £4

ENTRaY CSI

f ETRY S2I
ENTRY 52
ENTRIY 521

ETRY S4
&NTOY S&E

ENTR Y $4

E N TRY $5t
EN TRY $51
jIR IY $6l
fNTRT R

ETY 1?1

E NTR4Y SR9~

ENTR Y SRI
EN4TRY $10l
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I 6k I
fTy *1s~e

trc 47 SLC 3

[Nify sk:t1l2
FNO C.c r

cN IV " N

coo ~ -E s imC~m.fw.PH

f\T t t'I TRC LI~

C ( ,,T 3ýt 6A6E

C~A ?.I LEI A

£ 40 yVIE

C 30 v~c
C A (N 1. ST.!Cut c

ca~ C CCSNFV411,C 0

;IN
VYCKL~~i'E T( 3181LA~t

(1CNtT]O

AV~tNE CIol)10oiv



Fj ~~~~I KI c lk yx
AItA NF. St.zqs78AAAVSP Iv.x)

(PIC
SUepcLt Ihf TABLE lI.xl.Bt.NI,)kK.XLA 0EL.V)

oil aN 5 1C 4 A". E L I I)
IB . CC(CI r A YIPNXIKXAE

SuiQCvl I.NE T Ad L 2( X. 7 y I - 1~yX~EXA~.E

lIS % lYL )t,MIyI Ž.l2).XLA EVLk x 2EE

I F LCL 2 1 Xy x Y I I I .YI - X 1 Nk 1I LI x1 NY I I I ,NX 12 1*JII hT ,

C4Al I t A I ,NIy II4.J.%I(23,1LAbELI2)

.F(CCC ,3i'.Vb I ATl I).Y HYt llIY 11111'P14.

1~l2 1 NvBILE I LA I . RKLASEI. k

RE TURN.

S e 9 k,.? I h [ 
j

$1E T ýA k

S1 ýRuB ACE-dE Wp I IeI I A.FP N

.E ILAN

RE I URP.

svp1CLT IK VI.CANEPCPLOT I

'IET V. R

C SEJOVCuT ME CCOIPR2
C

C

C USAGe

c - rcotIP? I .1 1 A#, LIB I* A ELAVI.

Y % CoooBiR I I , xi , yI F i. XL.AREL

I.( C5(NPTIcP$ CF VAR&-(T(qS

c A A&Curt-,T - INULPIN(Nt VAREACLE

C Poil, oY IP ., tPcloll V-alfpE~i I I

C :%RAky' (f JV'l% VAFI.IE .~I Y

C N NV'bV' of VQE'.,s RERAESE.Tf0 AT X1 APQ TI A-AARYS

C U INTERPCLhlEEN LO!,TR0L

C ~LESVý TPAN 1ER0 - SIRAAECýh LINE INT0?LLAT!I,.,

1ECSIT VE - EN.C INTEVAqAT NTEAPOV.ATIC4

C* 
0. ST~AI0FT L14E

C I.0 FU1.L PARABOLIC
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C L~aEL HCLLtRI0H FIELD Of UP To 6 C1IARACTEAS

C REMARKS
CEXrRAPCLATIOCN IS CONE By P&S SING ASAIHT LINE INRU THE

CT.(C PCt IT S AT Tl-P C EC INTERVtAL I I R f :SRt

c Ttf ARA & P FI- E 1, 0 F NCNT VARIASLI , 11 PAY BE IA
C. EI TIER l% CRESIN4C q DECCREASING GikOCR.
C

PUI.CIIC~q CO I 2 II * 'I , N: 2 . *" ' .LA 6EL I

100 OUT *FALSE.

J .1
10 1 hI - Z 150 . 12GO 3 00

ISO CALL. TERROR IXLAOILI
ZOO CCLI-2 - YIIJ)

PtIIURN

300 API. - I
KPU - 2
IF I dItI) 1 11121 ) 600 150 *600

400 CC c 0 Soo I I N
I IF 4 I XE x11 ) I SCo o 2Co 500

SOO fCtT1%.:F
CC TC 000

600 cc ?.30 J - 1 * NI
IF iVt,) - XX 900 *2CC 700

TOO C TO 30

800 1 KI

CAL,. AERACR lXLAlBEI.I

900 CtL * LT. 0.0
IF 4 - 21 1200 ,1000 . 1100

cc TO 1500
1100 IF f J - P-I 1 1500 *14L0 . L300
12004 1 2
1100 OCT I . TRUE.
1400 xpU *
1500 A L. I Ix 510-01 IJ81 -K 1114ll-11 I

CCI2 *ALR * 114 J) 4 1.0 -AL I *YIIJ-1 I
19 4CC~CUT I REU..

cc 1000 KP ROL KPU
P194 a ) 0.01
cc %600 9 - t

JS o 110'R 1



TC~y1 (JO 1

10 *l I .l , 111.31 A. to 4jjj 10 14.2

3F I X91 .N6 0 19.I CO II 1700
j 1 *3 - -;

Ii) * CCC'2 F I FIICF - COUIKl?

1131 I e IU-(.LI I

1.600 (3194hu *£1 I 6, CCN

CCI .F I 'l 4 I' l .,, Al I U) * I Z -11 4 1.0 - AL.
P*l * I I I ( E(14 * At. A I - 12 I * 1 1.0- AL. I I

c Z-CIFEF.SICNAL I9.rl!lPCLA710h SUBPAO"AAI4.... FCC0942

C CAlLLING IE6UTTICE-
CCC C' F t,21T.VY.XIi.l[NXC,N'Y,X.XK.1I.ABFLI

C
C A * kGLtJfNT - 153 VARIABLE
c Y AII'(,P[.T - 21.3 VIAAABI.F
C 14 AGýAy OF 1ST VARLAPLE
C yI * lAY Of 2NC V~ARI AB.E

C ZI [ AS FCP'l11VlABLE
C N0,f C C1 I.Sl Er. 5111 FxI AlqAY
C kV*Nu4 CF VOLUES, IN ARRAY YI

C hx * ý'.VT~rCF VALUES :I'C. RAYAAV I

C Xl EýL I (NERALA 1INT1P LA I u Lfl)O',RL. (SA

C IL46E. * CLL.1.IH fl LO OF Cl IQ j C.ARAC tIlS,
C
C THIS ACUjt INE CIfFFE FROM FCG012 III l-sA) TsE 11 AqRAy 0C15 %(!I
C ýAVE to BE PACkEC - I.E. If OL:Js %.cl HAVE TO OCCUPY CON-

C5CL, IVO L ,CA'ICN S IF h.011. AN- IN 1s& ', T IE ... kCI I
Ct Al iLV AISY l AY BE IN ASCPIOI'.C1 0. I OTCNIt- E11

C

DIPNCTIEhLCN XIX.VIM, I.I(NXD.11. NX. (1A~LABEL SE

-C !9' 35 5. COUNT OF 34.1 NLPIS(R OF T CLRYES TO Of I510

M44.4

if VIPIII 130,15C.133

I F IYYI(II( 150.1500M3

60 TO 140

141 CC 134 K41.44W

I F IVIIF.I.YI I50,1i0.134
114 1C. 1. 1 j
140 h)*lY-ky.



&G 10 zoo
C
160 tP F NY) 16S15,140,0
165 1.3 K1

203 TO 20

300 L*PII

BC(I.CZ-CCCIP~tY.YItNII,T.N4.XK.XLASELI
RI TU6!%

C 3-CI'PEKSIC~iAL INTERPOLATION SUSPROGRAM .... FCOON3

C CALLIhG SEVIdNCE

ci v . FCCtNIIZY.ZXI.Yt1tI.b.i.Nl.NY,NX.IK.XLAIBELI
C X . AQGUPEBNT - IST VARIABLE
C V - APCU~6..' - 24i0 VARIARLE
C I . ARCUPENT - 360 VARIABLf
C X1 a AQAAAT OF IS VARIABLE
C Vt *ARqAY OF 2SC VAR IAOLE
c ItI ABAAY Of )RC VAtAOAL6

A. Al-ARY OF CfPENCENT VARIABLE
C N1 PstLCýE Of PCINTS IN It ARRAY
C 0:* :.ARAORPINTrS IN YJ ARRAY
c N ki lu~aER OP PIWS IN4 XI 'RRAY

660 IRERVAL INEPUL; .C0N CONTROL CONSTAN4T (0.0 10 1.01

C XLABEI. * LLLIAITH FIELO OP UP TO 6 CHARACTERS

c PC(UCNI CIFPIRS FROM FCUUP3 IN THAT THE 6I ARRAY DFlOS PACfEEDIC
c T 0 e 60 I:CK EL .E .. NetC 0 -CCPT CONELCUTIAR trCITICNS

C I CARE. ANC AN; GA bA'LL AARRAYGS MACY BEIN EOISTHER AS.ENOImG 04
C CtSEE&ýtLO ORCER.

FUPC!ICN PCCCN3IX.V,ZII.Yt .11.WI ,NL.NYNX.IXK.XLASELI

OIP-eSICN XItI. YtI(I. LIMI. WiI1,I.11. I(A1, ILAeELIOI

IF tNL.Ct.41 Go TO 120

ioz. .. N

Coo M5.4 .1t
If ~IIZ 130.150.L33

114 (C cT 32 4- .N

G c140 6..-

t cc to zoo-
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ISO It (K.0?.31 40 s0 160
"64 .1
, C To 200

180 I.lB (1.6.p41 Cot0o6 140

200 t'.k4

300 L L*

$CCCN3-CCEO I FIJIl ItII 4). 1,,NZ.XK. ILA BEL)
fE I LRN

t 'D

I CLP1 2.3 1
I 6109 2.3 4
2 G2-3 23
2 03-H 24
2 CS-H 26
2 51-1 28
2 01-1 7
2 C4-7 10
2 AI-T 2
2 A3-I 4
2 A2-H 3
2 cl-H 117
2 C -10 N .A
2 02-H 18
3 75 2001 7.0
I tCC itlj 1.
3 OF IN 26,2 .CC75
3 I-P1A 2663 .cols
3 GElAt 26h4 .(02S
3 OPIRA 44 3 1 .
3 CrC? A4t .05

3 054 450 1
3 SRALCA 453 CCC

3 CR518 456 2.
3 VIE 161£ 11t.
3 VI x60 E440.Alo
1 60161 tEAIGS6 -20.
3 651247 1668 9000.
3 VPMICH 204 .FZ7T i
3 TPEIA-G 421 .1
I BALPP.A 367 2.3
3 (BIAs 8 52 1.
3 . I.C c50 15.
3 HLIPIP 851 15.
I GY 8 56 6.0
3 Cl .51 3.0
3 flus 1564 6.0
3 TAIJI 863 6.0
3 lIut. 877 .5
3 B;nE 11261 20.

3 IPICO~m 1307 .584
3 :F1CC "13 a J.5
3 IF CG 1315 - .00833
3 AkLCGC 1421 2.54
3 50450 1420 15.4
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3 Rocc: 1410 - 1165
3 POCG 14 11 -. 3k65
3 OWP 146 1q.4

I c 15P L41.4 1S5.8
I VAIRSr0 201 age.
3 c 1 K2 681 6.
5 ONALON 1403 1

I 81UG 1316 2.S1
3 CEFCC! 468 3
3 Et1ai0 469 7.S
3 KAC 1 1 163 1.
3 1032 866 1.
3 T CLV? 866 9.0
3 01(1*1 412 1.0
3 v LAZ z 473 1.0o
3 C.,.: 8068 .
I CS10 26,64 CC015

I fl*IC 1419 .234
3 ,61 85 ; .0
3 AGRAV 16?1 3;.174
3 CRAC 1151 57.2951778 0
3 STEP 2010 2.0.

:AR 01 6 11o 0 .

3 033.1 1 10

3 SFLtwC A 1.0' 1.0
3 EPP 2015 1.0

4. PCLL FLAP 1232
4. PHI' PISISILE 3!2
4 'VX EAAT14 1603

X 1 PIL 1615
c 1743

4 PttCe- FLAP 1233
* 11.016 #ISSLE 350
4 89 (h~tIt, 1601
4 V PSL 1619
4 a 1747
4 Y0* FLAP 1234
4 PSI A'1SSILE 351.
4 V1 EAR1H 1611
4 1 IPSI 1623
4 ALPI-A 066 367

$ITS3 CEG 368
4 ALF1.6 f8396 369
4 DHI FOIVE 310
4 Xle* 1826
4 PAd.I 204
4 AIR SPEE0 201
4 FOyhmC 203
4 fi1-8S? 1410
4 79616A LCS$8 363
4 Ifps 435
4 11.810 G1886A. 421
4 cCCCF 869
4 PSI LCS-V 364
4 EFS y 436
4 PSI GIlUAlL 431
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4 f CCft

4 G~eft~v 358
=~ 4 ~ A 1825

T 1.140

4 9. 404

3 k k 166 ? SO
3 CPP 201. .1

6 ~~-0 .0

I G. 8 56 5.
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APPENDIX I

COORDINATE TRANSFORMATION FROM BODY TO GIMBAL AXIS SYSTEM
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X8

ye X

ze Xe Ye

Zz

Figure I-1. Angles Between Gimbal and Body Axes

Transformation for Gimbal Pitch Angle (G9)

[X 1 cos~l 0 -sinG7 ] X 1
jX B 0 1O 0 I' B
zB J sine, 0 Cosa, z B

Transformation for Gimbal Yaw Angle (pg)

XG 1 [isi 0/V 0 X B

LzG oSi05W :z: I 0 YB

Transformation from Body Axis to Gimbal Axes

EXG - cosyff SinV5 0 1S i cos9 XB

Ly n nLi($ Cos 0 0 : 0 j

L 0 0 1 L Sin 0 Co J LZB
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i

Transformation for both Gimbal Pitch angle and Gimlal
Yaw angle for Range Determination is given as:

L RXG1 [CoSfCos Sca -S,° ,osf RXB,

RYG -in*C Cos*( -SinY(tSin6 RYBA

LRZG3 [ LSiflY/'COS6 J RZBA
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APPENDIX II

HIGH FREQUENCY ACTUATOR PROGRAM LISTING
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C::. 1PI L IMI AtCL111&TION NjLIE I- T $I-PLIIICO ACIVAUItR

C. I.'

CUC' A(4 -I.'

elll:"~.L:tl ICI1C.N0LfPI.((II.ET
J. LIC V L E 1CH CC I C. 61 IE CL ~PIq U C 1( C O

LJj UVr. PLE;U CC (425 I. PLC I.TA

wNcf L T -n

III; CI LI * C III 1031

jvCAT ICI I B.IELTCr) - OCLIPS * OILYOB D ELTAS

ItI,'C)L.I'.I w ILL f tC4 1 UILTPII'C * DELi I* U(LrAI
C( Ii1)3 - BCELT(I I
CC CCý'I - SC*ELTM2
L: I I I I VIULI.TI)C
CCCI ,, 5 :DEC. 'I

IrI p 1 1) Ito
ICL 1 .CC 1, 1104
1 IfL ( ';21-I 1 05O
IPLIiC 4 3* 1112

I 1,1 1136
1~..~b p 1130

I PIL I i* W C I '40 "

CALL KC.A(SEr

INC
C.. IIE 'CLFED A(TuaTCR MODEL
C....... CGH FRECUENCY MCCEL....

EI5ARCLrC INE C4
C

CCI.MCKC 4310)
CC ESI~t "Il I CEITCIA C.OOELTCV C1.8CELTCC 4) VAR t let)
a I LCCT.ISLTPCtAC1,8OL!C I I
CCPIESIC 1CA1FLTC!4
CC 1 (' 1S I CrFF'C-I4I.C ,ECYC314

C
C..IsPUT CAT&

CýV AL AE (CFC:1163), CAACTIC

ECLCVALEC\CE ICC It12C.MA 1BrtXi
EcLu: v.LEC.CE ICCICZ2C,CACTO I

EC ulV6LCNCE(CC160)0.CýLTOIC,ICC11&C),01LTQ8TECL I V Lf C E" I C CC I 1 2 1 .tC.ýL (P!)
C BCfLE ARE PMEA1LRC :N RACIANIS
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CC..3
1
.PUt$ FKLP LII'IR POCLLIU

I CkuI V.1 EM, _I CItt 11 3.OUSI4F 13I
(CUIVALEN(LIC I I. I I P 1, MAI` )
IELUI Vkt tCE I C Iit q I.8ýuRF 31
1C.1.JVALt'CE (C (I t1Z' 3.BSUAF4)

(.--STATE VAR I ALE CUIPUTS
BOl~ELh T * I 311tI 271
BEA LTFI? ( 2 (-I 31)I
kc k L IF 13 1 CI1 131Y
OCEI.TP141 Cl 3113931

B1)~t kI(3 I-LIC I 11,013
2CtTt I-L C 13 10151

PT'6.23318/ 360.
FP1-I 1 'FP'F1t
F Ji- 12 1 -F YI-

F F 334 1 * FW-
C

A4. I ./I.310.8.

Pi c 1.T

SI LLý44*PT
C..INPI:T S' 12313 PlINROGR3AM

F(L IVAIENCE K(32965I.V&R
ClI II'1O)'L3 I M)1

C131C11393
C 1 321 Cf 1135)

CI III -CtIILsII

RrET~i) BWC I CELTPO . DCI.TOB : IEkIA

OCILTC( H CICLICI 21 CELTPB ~L3 - OELMS DETA
BCELTO,41 * 5CLTC13) CALTP3 - 01L303 DE OCLRO

C..ACTUA ICR C IhAM CS
CC 20 - .1,4

K. 31-1 l.4t1
eCI CCI I ) 'C 1142 'K 3
CCELTOI3) - e~rCP(I3
CCLI03f I I.-I/AI.OCl.TCEr3I3-A3/A1.8fl(g.TO( I -A4/AISOELTI II

IL.*SUjFACE ;CSIITICN L 11I1ITE
IF 32eSleCEMI331 .LT. ST ) GO To 30
8OUt13IM - SIG'iISI .80ELT(Il33
J3 - P'Ii.13 4 1
VAR(JI - (0117313
IF tSI(.1. OCELTIP411) NE'i. SIGNit.. ZCE'01L131) Go To 30
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e *ircl 0.
SCELTPFI * 0.
J . J 0
y4RIJ3 - Pl0eLTP(II

30 CC htI MA

*SPItEciT tIll/PT
GSLQFZ-ct;LYL I2I/PT
OBLnF3,2CELr 43)fPT
0SL~nF%.PCLLi 14)/PT
011031I 3[OFtTil)
C ( 1 1011 IMCLTtZi

Citlill UCEILTI4

CI 13'otLTC)I I I3

C; £43; -rCL ITI3
C( 1152 1.eCLlC3 41

C
C..CU3PUT CEI IVA? IVES OF STATE VAkIAeLES TO INTEGRATION

CI 11043 - BEELTC121
C311'Th3 - BCELTC(31

C3111211- C(lolTC

Cl LI35) *C £1108
Cl 1131 l.C(1104)
A E TURF%
EkC
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APPENDIX III

HIGH FREQUENCY AUTOPILOT PROGRAM LISTING
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C.. 11011 IJILtOT IhIIAtIiAtIOru "OVutI

0IPPhISLN 1L911001
fL:V:LtFItE :L( R31),(jS :ECLIVALEN(( cI1 8" I,IY

ICUVAENt (4 81.1I11
EGUIYVALE( ICE 138,tIS 4
t .I UA.tCEN I c 4e!I.CCA$14s

f¶CLIv"AtI'EC(L It(CJ~ iI').NT i u4 4
tCL AvALtIh(E (CL(,C114 CY .4
t(LI.V ALE NCE 1C4251)I,N
t%.L.IVALENCt I(CUS62hJI'L

I FL IINI a830
IPLIN.II f3804

ILt 4'.e2 at 2

lL'64 -% 816e

I pL)N.I - 6 2I'lýt).1l * 8284
I FLlI.Z) 8 32

1 L a~4 3 36
IFIi). 1O 1 R40
IPLIK.11) 880
IPL41,Z4 864

4 PL II15

I FL I K* 1),1*3!4

(VS E * ((3880V

22 k I sS E IS

C 4 803) *0.

c I 8o!I) 0.

CI1 $1 9) 0.
C 1 823) 0.
c I 823) 0.
c I sit 1 0.
C), 839'1 *0.

C TCRAL.TC1'IC0T MaUtILE
c I-)ICi FQE4.UEN'ýY MOE

c ( . N (4 3 10)
C)INESICN 8Ct1.TCI4.A).v81101

C
C A INFUT C ATS

ECLIVALENICE 1C108501.)-L1M0 I
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t IA

fEC"IIAL tNrI Ic(I'pI.t4 Iq
((t v'L'( ((4ehI lA

[ vYý.t( U ( .kECIC I91 .'5 I ý 35 4 1 TI I C(I);2 I.uEQS )I;I 111 .QLC

E SIL, I v A It r.E I C Wv3 I, 'c' II ICCT4IIN~

EI'_ IvI t'A E 'CIC ,c" 11i

C C ,I VS? thou l Ac l LO(5 Uf 1 Y ECIIRLII

£Cutyt('LUICtC86C ITftCT
E(CIV A LCE FCI r I6f3sIT(T( It
FUCC(VAL CT.C ICI fl040!.TtyE I

ET.UIVAICCL (CiI c ?IIII

E(.IIV AL E.CE CI c31S?!I 1.qP i

IEýt.IVhAL ýt,'t I C4t'07NEt I IR
E(LIVALE'(E IC'c4CI.EY
CLVIAC ICTTT.I r
ILVAEINt CT751,IT

ECT.Ivt(CE ICTI .I.RAC

C ETLIVALNPCE ICIhSIICRAC

"L; CE !'i2ZC'SCi,!
ECU[JALENLE IC(?965IVAER

ECilIVAL E KCS II2SSAorIJF

E* STATE V A RTASCE C 1iJ0PUTs Ic

Et, I VALENCE (CIbo A0ŽI.sc-I I
ECTI SALL%CE (I c O H~it CS( I

ECUIVACESC(E K(C A3 Z'RSCO I
EC"LIV14A LE oC I (C IitMC15 SP I
E CLIOTE CE IC c (Twt b

f.CLTIbA LCT ( CT 9IIsI, sC I

E uývL LEN( -. CC 8c 2CI.( Sum.JC

EL IyA LENC¶ 1(1 0241,(Su'E(I

ECL IV A LE'.CE I(I S2EI't/SEC
(Ctlv~~ I C L1II.1SP

LL"LIVýALE\CE CI CBZI.'E'?SC I

IE(LIV 1ýAILTCT ECI CO 8isI .ErISC I
IILI V AL:%CE IC CI It i5I.EIFSC IELL vI5C V L C"" I CAU'q).CEYS'P I
EI LTLIV ALTEC r.C CI 8T4'C T,EVSL )
CCL IVAI Et.CE U:181, A') I.EYs I

ECLIVALENhCE 1C0 FB'(EYSSO
ICUIjVALLNCE (CT f- 17550 1IECLIVALLNCE (CI3 I.EY1155
E CU( 1V AIENCF I CTea 94. EYSSO I
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r

C. .CUI:UII
CULIVALENCE WC 85?).BCELIC)

C '

4 IvLEKCE gC OTC wt CL I

E 1CC2! C Cc C

f Ys NL Eysphc

EIsCC - TAUJ I AU L CZ El - ELSI - 2..ElSOI
E *t TmjY.EJAtiY.EIcyliY - ES- 2.*EYSO I

E ys$C . tAUY 1EYSC tAU EY -YS

Ac tyss 0 R oIA'

C..OCCY PATE SAVIhG &NL CYRO CYNMIE4ZC

I S h CSP

0E 942I~2Iw IS - 2..Eso)

iascc '0 9,2*Iq4.2Iw WRSI - 2 .R50)

I IA IS( k cI *L. E C.) GO 10 3c

I F I SI G?.I1I wOSP) .*4E. SICNII.. WQSI: GO TO 3C

.CSC a 0
vAIS~~.E* 1 Qsp

30 IF E~ SIW !L. 0.) GO 10 32
N'INI"J: L* 11

IF ( SIC.II. . WcSPE .NE. SIGNIL.. URSI) GO 10 32
% *s 0.

"VIINýSt.#41 - biRSP

If (0A2SLCS 1 rT 30. )UCS-WOSt;/AO.,W0S
IF I LRSI.SC13.LSw5/0,R

C-OSUPPA I ICF Cf RAT E 13MP ING AND GUI CANCE SIGNAL S AND T14E IA O--RI VATIVES

UFAR UP .11

IFR( kl'*. !CV? I UKQ - 4.25 -
IF IT tLf. VYI I UKR - G.

tSL-CC : BK-EP EYARI

IFihBE-(SUEC).Cf.A0.IESUMG0.SIG'J460..ESUMEDII
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I II CAS1if .CCJI t.CLCC. I)ESU'CC-S1I(,%tI"aE S0$01)I

C..TCTLL ':UCtNCE S I GNL So-&lieING 410 ' 14 tIITING

I CC I ICuO-3 - I ES'NE C/a , E SLME i-S 011)
!P I0 .~lG IG.I ICCO . I)EvNLagru[ F.SUM ED/8a.

IF IIJSEICC. .IC3O. IEICCRSE SIPO -E SUMJO /0.

I F Iths IEVRCU1I.IT .jI'CO.I)EVNLI.S I GlCI COO.fEV'40fI I
IIIF('0SC(EICCC, I.G T. IC I() lE1CECCrIGt'Iiceo..etuoci
E VuCC.EViLS
Fr C I(. C ; (L
I F AS IcEU C AI .Cr IPLCIND) oCOCa - SCCNCHLCO, ECLICRI
I F I A ES ItWCClI .Ct.I- iIMEC EVNCR - SCGNCHLCC4E. EvNCRt)

Coo*RCLL SI10N41 SHAPING
UK? . .33
IF (1 LTK. 7(123 UK? -3.6'
IF i .LT. CCVIj U:KP . 0.
Ur.- IS - UKP-CflPýlIC/2. .BPHCII
P4PISC.36.S CUHCS-~PHISC

(CELPL-.ECC..CHL(LPC-BCCLPCC

171 : A, : P. FF1 c . CT 2C I P~5C :P S I0 Efivphl 1.11 Cl

CCI0;I"u c(CLPC I.((' :CC':.1CLCLPO.SG 4 1SC0..O0tLPUCI
I f ACSvcQCUPC) .(Ir.2c CSCELPC. SIG'415i3,BOELPCC

III 1.l..9C IA'IL. ( T.L I C

6 FLEPOEC 111f 1 15. CME15. 711

C..ALJTCPILCT CUIPIJT CulAAINTS TO EACH ACTUATUR CFROP SUMMACIOP4 LAPfil

BCCITCCIZ - EVICCA - BCELPC
PCECC( 321 * 7v'sCR - ECELPC

OCELICCO) - (VNCA * BCELPC
At ILFRN
EKG

132



• -

P 1L

II



UNCLASSIFIED
SecanI~ milch~m DOCUMENT CONTROL DATA - R & D

O** tiACST-T, (C-Prmm .0mr 2ý RaEPORT SECURITY CLASSUEIC* room

Departiment of Mechanical Engineering tI nclanigif ied
University of Florida ENU

Gainesville, Florida---
S REPORT ?-VL9

CLOSE AIR SUPPORT MISSILE GUIDANCE AND CONTROL STUDY
Volume 1. Six-Degree-of-Freedom Simulation

A o OECM.PTIT MOTES() P MW~ .d 5.ali, defto&)

Final Report (TrDecemb~er 1970 to 9 December 1971)

J. Mahig

* %EPONT DATE 74. TOTAL NO- OF PAGES j~.N F REFS

December 1971 142 i"N'bone
CC. C~ TRACT OR GRAM T M0Oh. ORIG-NATORNS REP0RT N UMBE IS)

F08635-71-C-0073
6& PROJECT 110 670B

C. 26. OTHER REPORT NOES) (Affr 'IIh.f -106- 9~lf -, h 1d

Task No. 01 thip -pll
£work Unit No. 010 FATL-.TR-71-169

16 DISTRIBUTIONl STATEMENT

Distribution limited to U. S. Govex.ent agencies only; t

a distribution limitation applied December 1971. Other re-
quests, for this document must be referred to the Air Force Arma-
ment Laboratory (DLWG), Eglin Air Force Base, Florida 32542.

It 2UPPL kWIE T ART NOTES JI2. SPOM SO41NG "1I iT ARYV AC I'I ITV

Air Force Armament Laboratory
Air Force Systems Command

Available in DDC Eglin Air Force Base, Florida 3254:

This report describes in detail a six-degree-of-freedom pro-
gram which can be used to determine the trajectory and miss dis-
tance of a missile system. The options for the program are such
as to permit variation of the aerodynamics, seeker, autopilot
actuator and missile motor performance for the purpose of accu-
rately simulating a given missile design and evaluating the ef-
fects of changes in system parameters. Sufficient detail has
been included in the text in order to minimize the users' effort
needed to know how to update or modify the program for his pur-
poses.

DD -. 0....1473 UJNCLAS SI FIED
Sorcuniv CIasssirtation



F.

UNCLASSIFIED
Security Cimasification

14 LINK A LINK 0 LIMA C
KEY moRD5

ROLE WT ROLE WT ROLE WT

Guided Lmissile

Missile Simulation System

Six-Degree-of-Freedom Simulation

UNCLASSIFIED
Security Classificalion


